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EVALUATION 


The  objective  of  this  study  was  to  establish  effective  reliability 
procedures  for  testing,  qualifying  and  screening  microcircuit  Random 
Access  Memories  (RAMs).  The  study  covered  the  performance  of  memories 
implemented  with  different  technologies  and  design  configurations. 

Special  emphasis  was  placed  on  evaluating  the  effectiveness  of  various 
existing  pattern  tests,  and  how  they  can  be  used  most  effectively  with 
each  device.  The  purpose  was  to  determine  the  optimum  number  and  order 
of  tests  that  should  be  done  to  minimize  the  testing  required  to  detect 
pattern  sensitivity. 

The  results  of  the  study  and  discussions  with  the  vendors  were  used 
to  determine  screening,  testing  and  temperature  requirements  for  the 
various  RAMs.  The  study  is  considered  successful  in  meeting  the  initial 
objectives  established  at  the  beginning  of  the  program. 

The  major  significance  of  the  study  is  that  it  provides  a  background 
of  technical  understanding  in  the  screening  and  testing  of  RAMs.  The 
contractor  has  prepared  detail  specifications  for  MIL-M-38510,  General 
Specification  for  Microcircuits,  for  all  but  two  of  the  devices  studied, 
using  the  results  of  the  study.  The  study  verified  that  the  CCD450  and 
I 2L  93481  would  operate  only  over  their  specified  commercial 
range  of  temperature  and  that  no  military  specification  for  these  devices 
should  be  prepared. 

vJAMES  J.  DOBSON 
Project  Engineer 
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1.0  INTRODUCTION 


Complex  semiconductor  memory  devices  with  storage  capacities  up  to  4,096 

bits  are  currently  being  used  in  Air  Force  systems,  and  memory  sizes  in 

excess  of  64K  bits  are  expected  to  be  used  in  the  near  future.  These  complex 

devices  are  fabricated  with  a  variety  of  different  semiconductor  technologies, 

design  configurations,  and  test  methods,  all  of  which  could  introduce  or 

conceal  reliability  problems.  Complete  electrical  characterization  is  an 

essential  step  in  assessing  the  reliability  of  these  new  and  highly  complex 

2 

devices.  Unfortunately,  test  times  associated  with  the  standard  N  bit 
integrity  tests  (Galpat  and  Walking  patterns)  are  excessive  for  memory  sizes 
larger  than  4K  bits.  More  efficient  test  patterns  are  needed,  and/or  a 
different  test  philosophy  is  required. 

The  primary  objective  of  the  work  described  in  this  report  was  to  elec¬ 
trically  characterize  the  performance  of  complex  memories  implemented  with 

different  technologies  and  design  configurations.  Special  emphasis  was  to  be 

2  3/2 

placed  on  evaluating  the  effectiveness  of  different  N  ,  N  '  and  N  type 

3/2 

pattern  tests  to  determine  if  N  and  N  type  patterns  could  be  substituted 
2 

for  N  patterns.  Secondary  objectives  of  the  work  were  to  formulate  effective 
burn-in  circuits  for  the  memories  and  to  evaluate  input  transient  protection 
networks.  The  results  of  all  the  tests  and  evaluations  were  then  to  be 
incorporated  into  proposed  MIL-M-38510  specifications. 


2.0  MEMORY  TYPES 


Five  different  memory  types  were  selected  for  characterization.  These 
included:  a)  two  4096  x  1  bit  dynamic  random  access  memories,  the  TMS4050 
which  is  implemented  with  NMOS  technology,  and  the  93481  which  is  implemented 

p 

with  integrated  injection  logic  (I  L);  b)  one  NMOS  4096  x  1  bit  static 
RAM  (AM9140) ;  c)  one  CMOS/SOS  1024  x  1  bit  static  RAM  (MWS5501 /CDP182 1 ) ;  and 
d)  one  charge  coupled  9K  bit  dynamic  shift  register  (CCD450).  Initially,  it 
was  hoped  that  the  selected  memories  could  be  obtained  from  multiple  sources. 
However,  with  one  exception,  devices  were  only  available  from  single  sources 
at  the  time  characterization  testing  was  being  performed.  The  TMS4050  was 
available  from  several  sources,  but  only  Texas  Instruments  expressed  an 
interest  in  supplying  parts  to  the  MIL-M-38510/235  specification.  Specific 
manufacturers,  part  numbers  and  physical  descriptions  of  the  memories  included 
in  the  program  are  shown  in  Table  2-1.  Additional  details  of  the  physical  and 
electrical  characteristics  of  each  memory  type  are  contained  in  Appendices  A 
through  E. 

Twenty-five  devices  of  each  memory  type  were  obtained  for  electrical 
characterization,  burn-in  circuit  evaluation,  and  transient  protection  network 
tests.  A  minimum  of  twenty  of  each  memory  type  were  allocated  for  electrical 
characterization.  Three  memories  of  each  type  were  allocated  for  burn-in 
circuit  evaluations,  and  two  of  each  type  were  allocated  for  transient  protec¬ 
tion  network  tests.  With  the  exception  of  the  Advanced  Micro  Devices'  (AMD) 

4K  static  RAM  (AM9140),  all  memories  were  initially  obtained  as  commercial 
temperature  range  devices.  The  AMD  AM9140  devices  were  obtained  through  RADC, 
and  had  been  previously  screened  to  the  -56°C  and  125°C  electrical  tests 
contained  in  the  proposed  MIL-M- 38510/237  specification.  None  of  the  other 
memory  types  were  initially  available  from  manufacturers  as  full  military 
temperature  range  (-55°C  to  125°C)  parts.  However,  the  CDP1821,  which  is  the 
microprocessor  family  designation  for  the  MWS550i  CM0S/S0S  static  RAM,  was 
obtained  as  a  full  military  temperature  range  part  subsequent  to  the  MWS5501 
characterization  tests. 
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3.0  APPROACH 


Subsequent  to  the  selection  of  memory  types,  a  detailed  study  of  individ¬ 
ual  memory  characteristics  was  performed.  This  included  a  review  of  manufac¬ 
turer  provided  functional  block  diagrams,  logic  organizations  and  bit  maps. 

In  some  cases,  manufacturers  could/would  not  supply  logic  diagrams  or  other 
technical  information,  and  the  necessary  information  was  derived  from  studies 
of  the  chip  topology.  A  limited  review  of  current  literature  was  also  per¬ 
formed  to  determine  prevalent  memory  failure  modes  and  electrical  test  problems. 
The  results  of  these  studies  were  used  to  establish  the  parameters,  patterns 
and  test  conditions  for  preliminary  electrical  characterization  tests.  These 
preliminary  tests  were  performed  with  two  of  each  memory  type,  and  were 
intended  to  provide  upper  and  lower  temperature  limits,  worst  case  supply 
voltage  conditions,  and  most  sensitive  patterns  for  subsequent  tests  of  an 
additional  eighteen  devices.  Since  most  memory  types  were  procured  as  commer¬ 
cial  temperature  range  devices,  it  was  of  interest  to  determine  performance 
characteri sties  outside  of  the  manufacturer1 s  specified  operating  temperature 
range.  If  memory  performance  is  only  slightly  degraded  at  the  -55°C  and  125°C 
temperature  limits,  then  characterization  testing  could  be  conducted  at  these 
temperature  extremes,  and  full  military  temperature  range  specifications  could 
be  based  on  the  test  results.  However,  if  the  memory  is  not  functional,  or 
performance  is  degraded  to  the  point  where  the  part  is  no  longer  attractive 
for  system  applications,  the  characterization  testing  and  specification  must 
be  accomplished  at  reduced  temperature  extremes.  In  some  cases,  only  a 
percentage  of  the  parts  will  be  nonfunctional  at  -55°C  or  125°C.  Thus, 
judgment  must  be  used  in  selecting  temperature  extremes,  since  this  decision 
will  affect  the  manufacturer' s  yield  and  user's  cost.  Maximum/minimum  operat¬ 
ing  voltages,  loads  and  combinations  of  these  with  temperature  are  also 
factors  to  be  considered  for  subsequent  characterization  and  specification. 

The  selection  of  pattern  tests  is  critical  for  RAM  characterization 

testing  and  specification,  since  the  patterns  generally  recognized  as  being 

the  most  effective  in  detecting  bit  integrity  and  timing  problems  are  time 
2 

consuming  N  type  tests.  During  the  initial  studies  of  memory  functional 
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blocks,  logic  organizations  and  chip  topology,  attempts  were  made  to  identify 
3  /  2 

N  and  N  type  patterns  that  would  check  for  specific  memory  defects  that 
were  also  checked  by  N  patterns.  The  selected  N  ,  N  '  ,  and  N  type 
patterns  were  then  used  in  all  subsequent  functional  testing  and  shmoo  plot 
evaluations.  Two  critical  system  application  timing  parameters  (access  time 
and  write  pulse  width)  were  also  selected  for  measurement  while  running  each 
pattern.  Other  timing  parameters  were  measured  while  running  the  patterns 
that  resulted  in  the  worst  case  values  of  access  time  and  write  pulse  width. 

Following  the  complete  electrical  characterization  of  a  memory  type, 
burn-in  circuits  suitable  for  125°C  burn-in  and  life  testing  were  formulated. 
Both  static  (dc)  and  dynamic  circuits  were  evaluated  at  ambient  temperatures 
between  25°C  and  125°C.  Based  on  these  evaluations,  specific  circuits  were 
selected  as  MIL-M-38510  burn-ci rcuits.  Three  devices  were  then  operated  in 
the  selected  circuit  for  72  hours  at  125°C  to  verify  circuit  suitability.  A 
satisfactory  static  bias  circuit  was  one  that:  a)  provided  maximum  rated 
operating  device  voltage,  b)  resulted  in  reasonable  operating  currents  at 
125°C,  and  c)  provided  voltage  stresses  that  would  accelerate  most  known 
failure  mechanisms.  Generally,  it  is  desirable  to  reverse  bias  pn  junctions 
in  bipolar  devices,  and  provide  both  positive  and  negative  polarity  stresses 
across  gate  oxides  in  MOS  devices.  These  conditions  are  usually  satisfied  in 
complex  devices  with  most  biasing  configurations.  A  satisfactory  dynamic  bias 
circuit  was  one  that:  a)  operated  the  memory  at  maximum  rated  operating 
voltage,  b)  maintained  reasonable  current  levels,  and  c)  operated  the  memory 
in  a  manner  approximating  system  usage. 

The  final  step  of  the  memory  evaluations  was  a  test  of  input  transient 
protection  networks.  An  input  pin  of  two  of  each  memory  type  was  subjected  to 
a  voltage  pulse  simulating  a  static  discharge  pulse  (zap  test).  Examinations 
of  input  leakage  current  values  prior  to  and  following  the  zap  test  provided 
an  indication  of  device  damage. 
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4.0  INITIAL  STUDY  RESULTS 

Two  categories  of  memory  types  were  included  in  the  program,  those  with 
existing  or  proposed  MIL-M-38510  specifications,  and  those  with  no  MIL-M-38510 
specification.  Thus,  the  extent  of  the  initial  studies  varied  depending  on 
the  availability  of  a  military  specification.  In  general,  if  a  military 
specification  were  available,  sufficient  studies  were  performed  to  verify  the 
suitability  and  adequacy  of  tests  contained  in  the  specification.  Additional 
tests  were  identified  for  characterization  testing  only  if  the  MIL-M-38510 
specification  was  clearly  deficient,  or  if  additional  tests  were  necessary  to 
evaluate  the  effectiveness  of  a  less  time  consuming  pattern  test.  Test 
parameters  and  test  conditions  for  memories  with  no  military  specification 
were  patterned  after  those  contained  in  MIL-M-38510  specifications  for  devices 
manufactured  with  the  same  or  similar  technologies.  In  general,  this  was  only 
helpful  for  dc  parameters  and  loading  conditions.  The  selections  of  pattern 
tests,  timing  parameters,  and  related  voltage  conditions  were  based  on  studies 
of  current  literature,  manufacturer' s  functional  diagrams,  bit  maps,  and  chip 
topologies.  Included  in  the  following  paragraphs  are  discussions  of  the 
rationale  employed  for  selection  of  tests  and  conditions  related  to:  a)  dc 
parameters,  b)  noise  margins,  c)  quiescent  power  dissipation,  d)  bit  integrity 
tests,  e)  timing  parameters  including  refresh  requirements  for  dynamic  RAMs, 
and  f)  output  loading  conditions. 

4.1  DC  PARAMETERS 

DC  parameters  considered  for  characterization  included:  a)  input  leakage 
currents,  b)  output  leakage  currents,  c)  power  supply  currents,  d)  input  clamp 
voltages,  and  e)  output  voltages.  For  electrical  characterization  and  specifi¬ 
cation  it  is  sufficient  to  establish  the  voltage  and  current  conditions  that 
will  yield  worst  case  values  of  the  parameter  under  test.  A  summary  of  the 
conditions  established  for  dc  testing  is  shown  in  Table  4-1. 

M0S/CM0S  input  currents  with  both  high  and  low  level  voltage  inputs  are 
primarily  leakage  currents,  and  the  worst  case  conditions  to  produce  maximum 
leakage  currents  are  maximum  supply  voltage  and  either  maximum  input  voltage 
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TABLE  4-1 .  WORST  CASE  DC  TEST  CONDITIONS 


PARAMETER 

SYMBOL 

TEST  CONDITIONS 

HIGH  LEVEL  INPUT  CURRENT 

‘IH 

VC(.  IS  AT  MAXIMUM  OPERATING  SUPPLY  VOLTAGE 

INPUTS  NOT  UNDER  TEST  ARE  GROUNDED 

VINPUT  UNDER  TEST  IS  AT  MAXIMUM  INPUT  VOLTAGE 

EACH  INPUT  IS  TESTED  SEPARATELY 

LOW  LEVEL  INPUT  CURRENT 

'IL 

Vcc  IS  AT  MAXIMUM  OPERATING  SUPPLY  VOLTAGE 

INPUTS  NOT  UNDER  TEST  ARE  AT  MAXIMUM  INPUT  VOLTAGE 

VINPUT  UNDER  TEST  IS  AT  MINIMUM  INPUT  VOLTAGE 

EACH  INPUT  IS  TESTED  SEPARATELY 

HIGH  IMPEDANCE  STATE, 

HIGH  LEVEL  OUTPUT  CURRENT 

EOHZ 

Vcc  IS  AT  MAXIMUM  OPERATING  SUPPLY  VOLTAGE 

VINPUTS  WE  AT  MINIMUM  INPUT  VOLTAGES 
“outputs  we  at  maximum  output  VOLTAGES 

CHIP  IS  NOT  ENA8LED 

EACH  OUTPUT  IS  TESTED  SEPARATELY 

HIGH  IMPEDANCE  STATE, 

LOW  LEVEL  OUTPUT  CURRENT 

‘OLZ 

VC(.  IS  AT  MAXIMUM  OPERATING  SUPPLY  VOLTAGE 

“inputs  are  at  minimum  input  voltages 
“outputs  are  at  minimum  output  voltages 

CHIP  IS  NOT  ENABLED 

EACH  OUTPUT  IS  TESTED  SEPARATELY 

SUPPLY  CURRENT  FROM  VC(.  SUPPLY 

!CC 

VC(.  IS  AT  MAXIMUM  OPERATING  SUPPLY  VOLTAGE 

“inputs  we  at  minimum  input  voltages 
“outputs  we  at  minimum  output  VOLTAGES 

Vcc  SUPPLY  IS  TESTED.  SPECIAL  CONDITIONS,  E.G.,  CHIP 
DESELECTED  AND  POWER  DOWN  MODE 

INPUT  CLAMP  VOLTAGE,  POSITIVE 

VIC(POS) 

Vcc  IS  GROUNDED  AND  Vs$  IS  OPEN 

INPUTS  ARE  OPEN 

INPUT  UNDER  TEST  SINKS  DESIRED  CURRENT 

EACH  INPUT  IS  TESTED  SEPARATELY 

INPUT  CLAMP  VOLTAGE,  NEGATIVE 

VIC(NEG) 

Vcc  IS  OPEN  AND  Vss  IS  GROUNDED 

INPUTS  ARE  OPEN 

INPUT  UNDER  TEST  SOURCES  DESIRED  CURRENT 

EACH  INPUT  IS  TESTED  SEPARATELY 

HIGH  LEVEL  OUTPUT  VOLTAGE 

VOH 

Vcc  IS  AT  MINIMUM  OPERATING  SUPPLY  VOLTAGE 
“INPUTS  ARE  AT  ^OESSARY  VOLTAGE  LEVELS  ANO  TIMING  TO 
WRITE  DATA  AND  READ  DATA 

OUTPUTS  UNDER  TEST  SOURCE  DESIRED  CURRENT 

ALL  OUTPUTS  ARE  TESTED  SIMULTANEOUSLY 

LOW  LEVEL  OUTPUT  VOLTAGE 

VOL 

VC(.  IS  AT  MINIMUM  OPERATING  SUPPLY  VOLTAGE 
“INPUTS  ,'RE  AT  NECESSARY  VOLTAGE  LEVELS  AND  TIMING  TO 
WRITE  DATA  AND  READ  DATA 

OUTPUTS  UNDER  TEST  SINK  DESIRED  CURRENT 

ALL  OUTPUTS  ARE  TESTED  SIMULTANEOUSLY 
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(high-level  input  current)  or  minimum  input  voltage  (low-level  input  current). 

2 

The  same  conditions  are  required  for  maximum  I  L/TTL  input  currents.  However, 
the  low-level  input  current  is  the  input-stage  emitter  current,  rather  than  a 
leakage  current.  Input  leakage  currents  should  be  measured  at  each  input  pin 
with  all  other  input  pins  connected  to  ground  during  high-level  input  current 
measurements,  and  to  the  supply  voltage  during  low-level  input  current  measure¬ 
ments. 

Output  leakage  currents  are  generally  only  of  importance  for  the  high  "Z" 
state  of  devices  with  tri-state  outputs.  Worst  case  conditions  for  high  "Z" 
output  leakages  are  similar  to  the  conditions  established  for  input  leakages 
(maximum  supply  voltage  and  maximum  or  minimum  output  voltages). 

Power  supply  currents  are  measured  to  assure  maximum  power  dissipation 
limits  are  not  exceeded.  Application  of  the  maximum  power  supply  voltage  will 
result  in  maximum  current  and  power  dissipation. 

Tests  to  determine  the  presence  of  input  clamp  diodes  require  forcing  a 
suitable  current  at  the  input  pin  and  measuring  a  voltage.  Network  verifica¬ 
tion  tests  are  normally  not  performed  when  the  primary  protection  element  is  a 
field  turn-on  MOS  transistor  since  proper  transistor  action  cannot  be  veri¬ 
fied  via  external  tests.  The  field  turn-on  transistor  can  be  verified  by  inducing 
a  positive  transient  of  several  hundred  volts  at  the  device  input  and  successfully 
completing  the  input  leakage  test.  The  TMS4050  and  AM9140  NMOS  memories  both 
incorporate  field  turn-on  transistors  and  the  manufacturers  recommended  incorpor¬ 
ating  a  high  voltage  transient  test  only  on  a  sampling  basis  since  this  test  is 
destructive.  Thus,  clamp  diode  verification  tests  were  only  used  in  this  program 
for  the  CMOS/SOS  and  I^L  memories. 

Output  high  and  low  voltage  measurements  are  performed,  in  conjunction  with 
input  threshold  measurements,  to  determine/ veri fy  noise  margins.  Minimum  high 
level  (logic  "1")  noise  margins  occur  when  output  high  voltages  are  minimum. 
Minimum  low  level  (logic  "0")  noise  margins  occur  when  output  low  voltages  are 
maximum.  These  conditions  of  worst  case  output  voltage  result  when  the  supply 
voltage  is  minimum  and  the  output  loading  is  maximum. 
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4.2  NOISE  MARGINS 

Noise  margins  are  defined  as  the  difference  between:  a)  device  output 
low  voltage  (Vq^)  and  the  maximum  low-level  input  ( ^JHO )  ^or  an  0utput 

logic  level  does  not  change  state,  and  b)  device  output  high  voltage  (VQH)  and 
the  minimum  high-level  input  for  which  an  output  does  not  change  state. 

Thus,  minimum  noise  margin  is  present  when: 
minimum,  and  b)  V 


a)  VQL  is  maximum  and  Vy^  is 


is  minimum  and  Vy^  is  maximum.  As  previously  mentioned, 
the  dc  values  of  Vq ^  and  Vqh  are  measured  at  conditions  that  result  in  these 
worst  case  values.  Values  of  input  voltage  levels  causing  an  output  logic 
state  change  (threshold  voltages  -  Vy^  and  Vy^)  should  also  be  measured  at 
these  conditions. 


4.3  POWER  DISSIPATION 

-  p 

Maximum  NMOS  and  I  L  device  power  dissipation  occurs  in  the  quiescent 
state  with  maximum  power  supply  voltages.  Thus,  maximum  power  dissipation  for 
these  type  memories  can  be  determined  from  dc  measurements  of  supply  current 
at  the  various  conditions  of  chip  enable,  output  enable,  address  enable,  and 
device  power  down  mode.  Maximum  power  dissipation  in  CMOS  devices  occurs 
during  dynamic  operation,  and  is  a  function  of  voltage,  frequency  and  internal 
capacitances.  Measurements  of  dynamic  power  dissipation  are  difficult  with 
most  automated  testers  since,  as  a  minimum,  the  average  value  of  supply 
current  must  be  obtained  over  a  read  or  write  cycle  period.  Thus,  dynamic 
power  measurements  were  not  included  in  the  characterization  study. 

4.4  OUTPUT  LOADING 

The  specific  output  loads  used  for  each  memory  type  during  all  functional 
and  timing  parameter  tests  are  shown  in  Figure  4-1.  These  are  the  load 
configurations  specified  by  the  manufacturers ,  and  were  used  to  permit  direct 
correlations  between  the  characterization  test  results  and  the  manufacturer' s 
guaranteed  performance  figures. 

4.5  FUNCTIONAL  TESTS 

RAM  functional  tests  are  performed  to  verify  that:  a)  data  can  be  stored 
in  all  memory  cells,  b)  correct  data  can  be  retrieved  from  all  cell  locations. 
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and  c)  all  cells  have  a  unique  address.  Memory  functional  tests  are  per¬ 
formed  with  a  test  pattern  to  show  complete  independence  of  each  memory  cell. 
S?nce  functional  tests  are  performed  as  Go/No-Go  tests,  a  device  that  fails  a 
functional  test  due  to  parameter  degradation  cannot  be  differentiated  from  a 
device  that  fails  due  to  a  stuck  bit.  For  this  reason,  the  functional  tests 
are  performed  simultaneously  with  timing  parameter  measurements.  The  timing 
parameters  are  measured  using  a  bisecting  subroutine  which  utilizes  a  parameter 
value  at  the  mid-point  of  a  test  interval  with  known  pass/fail  conditions  at 
the  interval  extremes.  By  determining  whether  the  device  passed  or  failed 
with  the  mid-point  value,  another  value  is  selected  at  the  mid-point  of  the 
new  pass/fail  interval.  The  process  is  repeated  until  the  interval  is  small 
enough  to  determine  the  parameter  value  within  the  desired  accuracy.  The  two 
most  important  timing  parameters,  memory  access  time  and  write  pulse  width, 
were  selected  for  measurement  during  functional  tests,  since  they  characterize 
the  device  during  read  and  write  operations,  respectively.  The  definitions 
for  these  parameters  are  provided  in  Section  4.6. 

Since  no  single  pattern  can  exercise  the  memory  device  thoroughly  enough 
to  discover  all  of  its  deficiencies,  a  series  of  test  patterns  was  formulated 
to  identify  specific  def iciencies.  The  set  of  patterns  selected  was  based  on 
evaluations  of  device  technology,  functional  block  diagrams,  logic  organiza¬ 
tion,  and  chip  topology. 

4.5.1  Device  Technology  Review  -  Five  process  technologies  are  included  in 
the  memory  types  under  evaluation:  NMOS,  CMOS/SOS,  TTL-Schottky,  I^L  and 
CCD.  Process  related  defects  associated  with  the  MOS  (NMOS,  CMOS/SOS  and  CCD) 
technology  include  oxide  defects,  excessive  leakage  currents  and  threshold 
voltage  shifts.  For  the  bipolar  technology  (I  L  and  Schottky  T  L), 
transistor  leakage  and  low  beta  are  the  more  common  process  related  defects. 
Test  patterns  cannot  be  selected  solely  on  the  basis  of  device  technology, 
since  the  type  aqd  location  of  the  defect(s)  will  determine  which  pattern  can 
detect  the  fault.  A  process  related  defect  that  causes  a  device  functional 
failure  due  to  a  stuck  bit  at  an  address  can  be  detected  by  a  pattern  which 
verifies  all  locations  during  read  and  write  operations.  The  March  (N)  pattern 


fulfills  this  requirement  and  is  acceptable.  However,  other  types  of  defects 
are  equally  likely  to  occur,  and  selection  of  patterns  to  detect  these  defects 
requires  an  evaluation  of  the  functional  block  diagram. 

* 

4.5.2  RAM  Functional  Block  Diagram  Review  -  The  basic  RAM  functional  b'&cks 
include:  a)  address  input,  b)  decoder,  c)  memory  cell  matrix,  d)  read  and 
write  amplifiers,  e)  clock  and  timing  control,  f)  input/output  ( I /0 ) ^  and  g) 
special  functions.  Therefore,  by  determining  which  patterns  will  detect 
possible  defects  in  each  functional  block,  an  effective  set  of  patterns  can  be 
identified.  The  functional  block  defects  may  be  due  to  inadequate  design,  or 
manufacturing  process  defects.  Table  4-2  shows  a  matrix  of  N2,  N3/2,  and 
N  patterns  that  were  formulated  to  detect  defects  in  each  of  the  functional 
blocks.  Descriptions  of  the  pattern  algorithms  are  included  in  Appendices  A 
through  D.  Discussions  of  individual  functional  block  defects  and  patterns 
selected  to  detect  these  defects  are  contained  in  the  foil c?wing  paragraphs: 

A)  Address  Input  -  Defects  in  the  address  input  functional  block  typi¬ 
cally  result  in  an  addressed  cell  that  does  not  exist  ^s  an  independent  and 
unique  entity.  This  type  of  failure  may  be  caused  by  either  a  short  or  an 
open  at  an  address  input.  Test  patterns  that  read  each  cell  at  least  once  when 
each  of  the  other  cells  are  in  a  complemented  state  ensure  that  each  cell  has 
a  unique  address.  The  Galpat  (N  )  pattern  fulfills  this  requirement  since 
all  background  cells  are  in  the  complemented  state  from  the  test  bit  cell. 

The  test  bit  cell  is  then  verified  for  all  possible  address  read  combinations. 

The  sequence  is  repeated  until  each  cell  is  used  as  the  test  bit  cell.  The 
3/2 

Rowpat  (N  )  pattern  also  fulfills  the  address  uniqueness  test  requirement 
by  reading  the  test  bit  cell  with  every  other  cell  in  its  row.  With  the 
Rowpat  pattern,  the  test  bit  cell  is  in  the  complemented  state  from  the 
background  cells.  Additional  test  patterns  #iat  check  for  address  uniqueness 
are  shown  in  Table  4-2. 
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SLNSt  amplifier  slow 

SENSE  AMP  RECOVERY 


B)  Decoder  -  A  RAM  decoder  failure  may  result  in  the  following: 

(a)  inaccessible  memory  cells,  (b)  memory  cells  with  two  addresses,  (c)  two  or 
more  memory  cells  with  the  same  address,  and  (d)  slow  switching  speed. 
Inaccessible  memory  cells  and  memory  cells  with  two  addresses  can  be  detected 
by  the  address  uniqueness  patterns  (Galpat,  Galwrt,  Walking,  Rowpat  and 
March). 

Multiple  cell  selection  is  caused  by  a  short  in  the  address  and  address 
complement  signals  and  can  be  detected  by  a  Walking  (N  )  pattern.  With  this 
pattern  the  background  cells  are  written  with  "Os"  and  the  test  bit  cell  is 
written  with  a  "1".  The  "1"  is  walked  through  every  memory  cell,  sequentially 
reading  all  memory  locations  prior  to  shifting  the  test  cell  bit.  Multiple 
cell  selection  is  detected  because  the  Walking  pattern  tags  each  memory  cell 
wich  an  address  one  at  a  time  and  shows  that  it  shares  no  other  address  by 
reading  the  test  (tag)  bit  as  a  "1"  and  also  reading  all  other  bits  which  are 
"Os".  In  addition,  the  Shifting  Diagonal  (N)  pattern  can  detect  multiple  cell 
selection  because  it  effectively  performs  a  Walking  pattern  or  separate  rows. 
The  Shifting  Diagonal  pattern  is  performed  by  shifting  a  diagonal  of  "Is"  in  a 
background  of  "Os",  and  the  memory  is  read  prior  to  shifting  the  diagonal. 

For  a  64  x  64  memory  cell  matrix  the  diagonal  is  shifted  64  times. 

Decoder  switching  speed  is  dependent  on  the  state  of  the  decoder  prior  to 
switching  and  the  desired  state  after  switching.  A  pattern  such  as  Galpat 
that  checks  all  possible  address  combinations  is  an  effective  pattern  to 
detect  this  weakness.  However,  Galpat  uses  a  sequential  addressing  scheme  in 
performing  its  read  combinations.  A  pattern  that  uses  nonsequential  addressing 
such  as  a  complementary  address  sequence  will  impose  a  more  severe  test  for 
decoder  switching  speed  because  this  pattern  causes  more  address  transitions 
and  decoder  delays  due  to  noise  generation.  The  address  complement  or 
Addcomp  (N)  pattern  writes  the  background  data,  reads  the  data  in  the  first 
cell,  writes  its  complement,  increments  to  the  maximum  address,  reads  the  data 
at  the  maximum  address,  and  writes  its  complement.  Following  this,  the  second 
cell  is  read  and  the  complement  is  written.  The  maximum  address  minus  one 
(4094  for  the  TMS4050)  is  read  and  its  complement  is  written.  This  process  is 


repeated  until  the  total  memory  is  read  and  its  complement  is  written  into 
memory. 

C)  Memory  Cel  1  Matrix  -  In  addition  to  the  previously  mentioned  single 
bit  memory  cell  failures,  the  matrix  may  show  a  disturb  sensitivity,  i.e., 
data  written  in  one  cell  may  affect  the  contents  of  an  adjacent  cell.  The 
selected  cell  is  connected  to  the  adjacent  cell ( s )  by  stray  capacitance  and 
can  be  affected  by  "1"  to  "0"  and  "0"  to  "1"  transitions.  Cell  disturb 
problems  can  be  effectively  screened  with  a  March  pattern.  The  March  pattern 
sequentially  reads  a  cell  and  writes  the  complement  into  the  cell  before 
proceeding  to  the  next  cell.  The  pattern  is  also  conducted  from  highest 
address  to  lowest  address  in  the  read/write  sequence  and  then  repeated  with 
the  data  complemented.  By  performing  this  pattern  sequence,  all  transitions 
for  cell  disturb  are  checked  [1].  The  Galpat  pattern  will  also  screen  for 
cell  disturb  problems,  but  it  verifies  all  memory  cells  with  the  test  bit 
cell,  not  just  adjacent  bits. 

D)  Write/Sense  Amplifier  -  A  typical  write  amplifier  problem  associated 

with  single  I/O  line  memories  is  failure  of  the  amplifier  to  recover  from  a 
write  cycle  in  time  to  perform  a  read  cycle.  This  write  recovery  delay  may  be 
due  to  the  use  of  a  higher  voltage  for  the  write  operation  than  the  read 

operation.  Thus,  a  longer  time  is  required  to  return  to  the  normal  level 

following  a  write  operation.  An  alternate  explanation  is  that  a  long  recovery 
time  may  be  caused  by  a  saturated  sense  amplifier  during  a  write  cycle.  The 
sense  amplifier  cannot  recover  to  detect  the  cell  voltage  during  a  read  cycle. 
The  most  effective  pattern  to  detect  both  of  these  problems  is  the  Galwrt 

(N  )  pattern.  This  pattern  checks  write-read  combinations  at  every  pair  of 

memory  cells.  The  Addcomp  pattern  is  also  suitable  to  detect  write  recovery 

problems,  since  every  read  cycle  is  preceded  by  a  write  cycle  in  a  different 
memory  cell.  If  the  slow  write  recovery  is  due  to  a  saturated  sense  amplifier, 
the  anomalous  condition  can  he  detected  by  a  March  pattern,  since  write  and 
read  cycles  are  conducted  at  every  memory  cell. 
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Saturated  sense  amplifiers  may  be  the  result  of  charge  accumulation  at 
the  sense  amplifier  input.  This  results  in  improperly  identifying  a  "0"  as  a 
"1"  after  reading  a  long  string  of  "Is".  The  Walking  pattern,  as  described 
earlier,  is  suitable  for  detecting  sense  amplifier  recovery  problems,  because 
the  sense  amplifier  remains  in  the  same  state  after  reading  the  test  oit  until 
the  test  bit  is  "Walked"  to  the  second  location.  The  Shifting  Diagonal 
pattern  will  also  detect  this  weakness  by  writing  a  diagonal  of  "Is"  in  a 
background  of  "Os"  and  subsequently  reading  the  memory.  The  single  "1"  in 
a  row  will  be  followed  by  a  string  of  sixty-three  (63)  "Os". 

E)  Timing  Control  -  The  timing  control  functional  block  includes  the 
control  logic  for  inputs  and  outputs  as  well  as  the  internally  generated  clock 
signals.  Defects  in  the  timing  control  circuitry  wil 1  result  in  inaccurate 
data  due  to  failure  of  the  memory  to  write  or  read  properly.  Any  pattern  that 
can  write  and  read  data  and  its  complement  from  all  memory  cell  locations  is 
suitable  for  detecting  these  type  defects. 

F)  I/O  Circuitry  -  The  final  functional  block  of  every  RAM  is  the 

I/O  circuit,  which  may  include  a  single  I/O  line,  or  separate  data  input  and 
data  output  lines.  There  are  no  identified  defects  with  this  functional  block 
other  than  inaccurate  data  caused  by  a  shorted  or  open  circuit.  Any  pattern 
that  can  write  and  read  data  and  its  complement  from  all  memory  locations  is 
suitable. 

G)  Special  Functions  -  In  addition  to  the  functional  blocks  included  for 
all  RAMs,  the  TMS4050  catalog  sheet  block  diagram  illustrates  the  use  of  dummy 
cells  and  a  precharge  voltage  generator.  The  dummy  cells  are  identical  to  the 
memory  cells  and  minimize  the  sense  amplifier  imbalance  caused  by  coupling 
noise  and  provide  a  reference  voltage  to  the  sense  amplifier  for  discrimina¬ 
tion  of  logic  levels.  During  sense  amplifier  switching  a  proper  voltage  level 
is  required,  and  the  precharge  voltage  generator  precharges  the  storage 
capacitor  of  the  dummy  cell  to  the  required  value  [2].  A  failure  of  either 
dummy  cell  or  precharge  voltage  generator  will  provide  inaccurate  data  at  the 
output.  These  defects  are  easily  detected  by  any  of  the  previously  described 
patterns. 
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The  AM9140  memory  includes  two  additional  functional  blocks,  latch  and 
memory  status.  The  latch  is  used  to  isolate  the  address  register  from  the 
address  input  pins,  and  is  under  clock  control.  In  the  decoder  circuitry,  a 
latch  holds  the  select  line  low  and  prevents  it  from  floating  when  all  row 
drivers  are  turned  off  [3],  Both  latches  are  transparent  to  the  user  and  the 
requirement  for  address  hold  time  after  chip  enable  goes  high  must  be  satis¬ 
fied.  A  defect  in  the  latch  circuit  could  result  in  incorrect  addressing  or 
inaccessible  cells.  These  defects  are  detectable  with  any  of  the  previously 
described  patterns.  The  memory  status  is  derived  from  internal  timing  signals 
that  show  the  performance  of  a  reference  row  of  memory  cells.  The  memory 
status  is  always  enabled  and  never  enters  a  three  state  "off"  mode,  and, 
therefore,  always  reflects  the  status  of  the  memory.  The  memory  status 
functional  block  is  independent  of  the  memory  cell  operation,  and  defects  in 
this  block  will  not  affect  primary  memory  operation. 

A  data  latch  circuit  is  included  in  the  93481.  This  circuit  uses  timing 
and  control  signals  to  latch  output  data  within  the  timing  constraints  of 
address,  address  enable  and  latch  enable  signals.  As  long  as  the  latch  enable 
remains  low  the  output  data  will  be  latched.  Inaccurate  data  will  result 
with  an  anamolous  condition  in  the  data  latch  circuitry.  Any  pattern  that 
reads  or  writes  data  and  its  complement  into  the  memory  is  suitable  for 
detecting  defects  in  the  data  latch  circuitry. 

4.5.3  CCD  Shift  Register  Functional  Block  Diagram  Review  -  The  set  of  patterns 
selected  for  functional  testing  of  the  CCD  shift  register  included:  Scanl 
(N),  ScanO  (N),  Srwalk  (N),  Altwor  (N),  Cboardl  (N),  and  Cboard2  (N).  Since 
the  CCD450  contains  no  address  decoder,  a  pattern  that  verifies  that  "Is"  and 
"Os"  can  be  written  into  and  read  from  all  memory  cells  should  be  sufficient 
[4],  However,  a  review  of  the  functional  block  diagram  suggested  that  slow 
sense  amplifier  recovery  time  could  be  a  problem.  Thus,  a  pattern  similar  to 
the  Walking  pattern  (Srwalk)  was  included  in  the  pattern  set.  The  Srwalk 
pattern  shifts  a  "1"  followed  by  a  string  (1024)  of  "Os"  through  the  memory, 
and  then  repeats  the  sequence  with  the  data  complemented. 


4.5.4  Logic  Organization/Schematic  Review  -  Detailed  schematics  were  not 
available  from  the  manufacturers  for  all  the  part  types.-  However,  logic 
diagrams  were  available  from  the  military  specifications  for  the  TMS4050  and 
from  the  manufacturer  for  the  MWS5501/CDP1821.  The  TMS4050  uses  clock  signals 
in  the  decoding  network  such  that  the  decoder  outputs  deselect  prior  to  selec¬ 
tion  and  inhibit  possible  multiple  cell  selections.  However,  the  delayed 
clock  shown  in  Appendix  A,  Figure  A3,  is  turned  on  after  all  signals  at 
the  decoder  are  stabilized.  If  <t>^  is  turned  on  prematurely,  multiple  cell 
selection  may  occur  by  creating  a  sneak  path  between  two  storage  cells.  A 
similar  condition  exists  for  the  AM9140  where  several  delayed  clock  signals 
are  generated  in  the  memory.  A  premature  clock  may  cause  the  decoder  to  be 
selected  and  possible  multiple  cell  selection  may  occur.  For  the  MWS550I  and 
CDP1821  memories,  slow  rise  or  fall  times  may  cause  loss  of  data  in  the 
memory,  or  possible  multiple  cell  selections.  The  MWS5501  rise  and  fall  times 
must  be  faster  than  200  nS  and  the  newer  CDP1821  rise  and  fall  time  must  be 
faster  than  1  ^tS. 

These  multiple  cell  selections  for  the  TMS4050,  AM9140  and  MWS5501  can  be 
detected  by  a  Walking  or  Shifting  Diagonal  pattern  as  described  earlier.  No 
new  patterns  were  added  as  a  result  of  the  logic  diagram  review. 

4.5.5  Chip  Topology  Review  -  Assurance  that  memory  cell  adjacency  was  physi¬ 
cally  realized  during  functional  testing  was  accomplished  by  verifying  the  bit 
map  with  the  manufacturer,  and  then  using  the  proper  address  sequence  for 
physically  adjacent  cells.  Chip  topology  considerations  do  not  require  new 
patterns,  but  only  highlight  the  importance  of  performing  functional  tests 
with  "topologically  pure"  patterns. 

4.6  TIMING  PARAMETERS 

Timing  parameter  tests  are  performed  to  evaluate  the  timing  relationships 
among  the  various  control  and  address  signals.  Timing  parameters  considered 
for  characterization  included:  a)  access  time,  b)  address  hold  time,  c) 
address  setup  time,  d)  write  pulse  width,  e)  data  hold  time,  and  f)  data  setup 
time.  These  parameters  are  measured  during  a  read/write  cycle  and/or  a 
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read/modi fy /write  cycle,  whichever  provides  the  worst  case  timing  relationship 
for  the  parameter  under  test.  A  comparison  of  the  timing  parameters  selected 
for  each  memory  type  is  presented  in  Table  4-3. 

Access  time  is  the  time  after  which  data  output  is  guaranteed  to  be 
valid,  and  may  be  defined  with  reference  to  either  the  address  or  chip  enable 
signals.  Access  time  is  normally  measured  during  a  read/write  cycle  and 
read/modify /write  cycle.  The  manufacturer1 s  catalog  specification  or, 
when  available,  the  military  specification  for  the  memory  type,  was  used  to 
select  the  start  and  stop  times  of  the  address,  data,  and  clock  signals. 

Since  access  time  is  a  critical  memory  parameter,  it  is  included  in  the  timing 
tests  for  all  part  types. 

Address  setup  time  is  defined  as  the  time  interval  between  the  application 
of  an  address  input  and  an  active  transition  of  the  clock  (chip  enable,  chip 
select  or  address  enable)  signals.  This  parameter  is  specified  as  a  minimum 
value  to  ensure  proper  memory  operation.  Setup  time  is  also  specified  for 
data  input  and  is  the  time  interval  between  the  application  of  data  and  the 
active  transition  of  the  write  pulse.  The  address  and  data  setup  times  are 
specified  as  a  minimum  of  0  nS,  and  engineering  judgment  was  used  to  exclude 
these  tests  for  several  part  types.  However,  the  parameters  were,  as  a 
minimum,  verified  implicitly  by  adjusting  the  start  and  stop  times  of  address, 
data,  and  clock  signals  and  verifying  that  the  device  is  functional  with  these 
timing  relationships. 

The  write  cycle  requires  that,  in  addition  to  the  address  and  data 
timing  signals,  write  pulse  and  chip  enable  signals  occur.  The  "ANDED" 
condition  of  write  pulse  and  chip  enable  must  last  for  a  minimum  time,  whicn 
is  specified  as  write  pulse  width.  This  parameter  is  also  measured  during 
functional  tests,  but  is  included  in  the  timing  tests  to  establish  the  worst 
case  values  for  the  read/modi fy/wri te  cycles.  Since  write  pulse  width  is  as 
critical  a  parameter  as  access  time,  it  was  also  measured  for  all  part  types. 
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The  address  (data)  hold  times  are  defined  as  the  interval  during  which 
the  address  (data)  is  retained  after  the  chip  enable  signal  goes  high  (low). 
Data  hold  time  measurements  are  included  for  all  memory  types,  but  address 
hold  time  measurements  were  only  included  for  the  dynamic  RAMs.  Static  RAM 
address  hold  times  are  implicitly  determined  during  other  tests. 

Additional  timing  parameters  were  included  for  TMS4050  and  AM9140  evalua¬ 
tions.  These  additional  parameters  included:  a)  propagation  delay  time  for 
the  TMS4050,  and  b)  output  ON/OFF  delay  time,  memory  status  delay  time,  and 
preset  interval  time  for  the  AM9140.  The  timing  rel ationshi ps  for  these 
signals  are  included  in  Appendices  A  and  B. 

4.7  REFRESH  TESTS 

Dynamic  memories  store  data  by  placing  a  charge  on  a  capacitor.  Since 
the  stored  charge  will  dissipate  within  milliseconds,  the  charge  must  be 
refreshed  periodically  to  retain  correct  data.  Refresh  requirements  are 
temperature  dependent,  and  at  higher  temperatures  the  refresh  time  will  be 
shorter  due  to  higher  leakage  currents.  Refresh  is  accomplished  in  the 
TMS4050  and  93481  by  performing  a  refresh  cycle,  or  a  memory  read  cycle  at 
each  row.  Addressing  a  row  will  cause  all  cells  in  the  row  to  be  refreshed. 
Therefore,  the  TMS4050,  which  is  organized  as  a  64  row  x  64  column  matrix, 
will  require  refreshing  at  64  rows.  The  93481  (32  row  x  128  column  matrix) 
will  require  refreshing  at  32  rows. 

Refresh  time  measurements  can  be  accompl i sued  by  using  either  a  block 
refresh  or  a  distributed  refresh  technique.  The  block  refresh  technique 
consists  of  writing  data  in  the  entire  memory,  stopping  all  external  clock 
signals  for  a  designated  time  (refresh  period)  and  reading  the  memory  to 
verify  its  correctness.  Then  the  data  complement  is  written  into  the  memory, 
and  the  procedure  is  repeated.  The  refresh  time  is  then  iterated  until  the 
boundary  between  a  pass  and  fail  condition  is  noted.  This  time  is  the  required 
minimum  refresh  time  for  the  memory  under  test.  The  main  advantage  of  the 
block  refresh  technique  is  that  data  is  verified  in  the  absence  of  noise  with 
external  clock  signals  turned  off.  The  main  disadvantage  of  using  this  method 
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is  that  memory  power  dissipation/chip  temperature  is  changing  as  the  clock 
signals  are  turned  "on"  and  "off".  The  resulting  temperature  dependent  varia¬ 
tions  in  refresh  time  make  the  block  refresh  technique  an  unacceptable  test 
method  [5]. 

The  second  method  for  measuring  refresh  time  is  the  distributed  refresh 
technique.  This  technique  consists  of  writing  data  into  the  memory  and 
continuously  cycling  the  device.  By  sequentially  reading  the  TMS4050  memory 
by  its  columns,  every  row  will  be  refreshed  every  64th  cycle.  Similarly, 
every  row  of  the  93481  will  be  refreshed  every  32nd  cycle.  The  period  is 
varied  such  that  the  time  between  write  and  read  cycles  is  equal  to  the 
refresh  time  being  examined.  For  example,  the  TMS4050  contains  4096  memory 
cells  in  a  64  x  64  cell  matrix.  To  determine  memory  functionality  with  a  2  mS 
refresh  time,  the  period  or  cycle  time  must  equal  the  refresh  time  divided 
by  the  difference  between  the  number  of  cells  and  the  number  of  rows.  This 
value  was  computed  as  500  nS  for  the  TMS4050.  During  the  refresh  tests,  the 
memory  is  written  with  a  checkerboard  pattern  (an  alternating  field  of  "Is" 
and  "Os"),  and  using  the  distributed  refresh  method  the  refresh  time  is 
determined.  After  data  is  read  out,  the  data  complement  is  written  into  the 
memory  and  the  procedure  is  repeated.  The  checkerboard  pattern  was  selected 
for  the  refresh  tests  since  it  may  show  cell  disturb  and  data  sensitivity 
problems.  A  memory  cell  stored  with  a  "0"  may  be  disturbed  by  adjacent  "Is", 
and  vice  versa. 


41 


5.0  PRELIMINARY  CHARACTERIZATION  TEST  RESULTS 

Major  objectives  of  the  preliminary  characterization  tests  with 
two  of  each  memory  type  were  to  determine  the  maximum  and  minimum  operating 
temperatures,  worst  case  voltage  conditions,  and  worst  case  patterns  for 
subsequent  testing  of  eighteen  devices. 

5.1  OPERATING  TEMPERATURE  EXTREMES 

The  results  of  functional  testing  and  shmoo  plotting  at  ambient  tempera¬ 
tures  between  -55°C  and  125°C  were  used  to  determine  the  upper  and  lower 
temperature  extremes  for  subsequent  RAM  characterization  testing.  However, 
shmoo  plots  of  access  time,  write  pulse  width  and  refresh  time  versus  supply 
voltage  using  all  seven  of  the  previously  mentioned  patterns  provided  the  most 
insight  for  determining  operating  temperature  extremes.  Refresh  time  require¬ 
ments  for  dynamic  RAMs,  and  access  time  requirements  for  static  RAMs  were  the 
parameters  responsible  for  limiting  operating  temperatures  to  less  than  the 
full  military  temperature  range.  The  following  are  brief  discussions  of  the 
specific  test  results  that  led  to  the  selection  of  operating  temperature 
extremes  for  each  memory. 


5.1.1  TMS4050  NMOS  Dynamic  RAM  -  Refresh  time  requirements  limited  the 

TMS4050  operating  temperature  extremes  to  -55°C  and  85°C.  The  maximum  refresh 
time  requirement  specified  by  the  manufacturer,  and  MIL-M-38510/235,  is  two 
milliseconds  for  Vpp  values  between  11.4  Vdc  and  12.6  Vdc.  This  requirement 
was  easily  achieved  at  25°C  and  -55°C,  as  were  the  specified  requirements  for 
all  other  parameters.  However,  as  can  be  seen  from  the  85°C  and  100°C  shmoo 
plots  of  refresh  time  (t^pp)  versus  shown  in  Figure  5-1,  the  TMS4050 
must  be  refreshed  more  frequently  than  every  two  milliseconds  at  100°C  with 
Vpp  greater  than  12  Vdc.  Refresh  time  requirements  less  than  two  milli¬ 
seconds  were  not  determined,  since  this  was  felt  to  be  the  lower  limit  for 
most  system  applications.  Below  12  Vdc  at  100°C,  the  refresh  time  requirement 
changed  abruptly  from  less  than  two  milliseconds  to  approximately  50  milli¬ 
seconds,  and  remained  at  50  milliseconds  down  to  a  V^g  of  less  than  9  Vdc. 
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At  85°C  the  refresh 't-i,me  requirement  was  approximately  100  milliseconds  with 
Vpg  values  between  8.5  Vdc  and  13  Vdc.  Thus,  two  effects  were  observed  as 
the  TMS4050  operating  temperature  was  increased  from  85°C  to  100°C.  The  first 
effect  was  the  expected  decrease  iq  refresh  time  requirement  from  100  milli¬ 
seconds  at  85°C  to  50  milliseconds  at  100°C.  The  second,  and  most  important, 
effect  was  the  reduction  in  the  VQD  value  (13  Vdc  at  85°C  to  12  Vdc  at 
100°C)  where  the  menory  became  nonfunctional  with  tRER  values  less  than  two 
milliseconds.  The  second  effect  was  the  determining  factor  in  limiting  the 
TMS4050  upper  test  temperature  to  85°C. 

5.1.2  93481  l\  Dynamic  RAM  -  As  was  the  case  with  the  TMS4050,  refresh  time 
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requirements  limited  the  maximum  temperature  extremes  for  the  93481  I  L 
dynamic  RAM.  However,  the  temperature  limitations  were  more  severe  than  those 
established  for  the  TMS4050.  The  93481  was  limited  to  operating  tempera¬ 
ture  extremes  of  0°C  and  70°C.  Shmoo  plots  of  tRpR  versus  V^^  at  70°C  and 
85°C  are  shown  in  Figure  5-2.  At  70°C,  device  operation  is  normal  with 
refresh  times  of  four  to  five  milliseconds  for  values  of  V^^  between  3.8  and 
7  Vdc.  However,  at  85°C  the  device  is  only  functional  (tRpR  two  milli¬ 
seconds)  between  6  and  6.5  Vdc.  Thus,  the  upper  temperature  limit  was  estab¬ 
lished  as  70°C.  A  similar  effect  was  noted  at  low  temperatures ,  as  can  be 
seen  from  the  0°C  and  -10°C  shmoo  plots  in  Figure  5-3.  At  -10°C  the  device  is 
not  functional  with  values  of  V^  less  than  4.9  Vdc,  and  is  nonfunctional  at 
0°C  with  V^  values  less  than  4.7  Vdc.  The  manufacturer's  lower  operating 
limit  for  VQD  is  4.75  Vdc.  Thus,  0°C  was  selected  as  the  93481  lower 
temperature  limit.  Subsequent  discussions  with  the  manufacturer  revealed  that 
the  part  would  not  operate  below  0°C  due  to  the  use  of  four  series  diodes  in 
the  start-up  timing  circuitry.  Below  0°C,  the  increased  forward  voltage  of 
these  diodes  inhibits  device  operation.  The  manufacturer  also  noted  that 
device  operation  above  70°C  could  be  achieved,  but  at  the  expense  of  signi¬ 
ficant  yield  losses. 
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FIGURE  5-2.  FAIRCHILD  93481  REFRESH  TIME  SHMOOS  SHOWING  HIGH 
TEMPERATURE  LIMITATION 
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5.1.3  AM9140  NMOS  Static  RAM  -  Shmoo  plots  of  chip  enable  access  time  versus 
VQD  at  -55°C  and  125°C  (Figure  5-4)  showed  that  the  AM9140  is  capable  of 
operating  over  the  full  military  temperature  range.  A  restriction  on  the 
maximum  value  of  V^  was  noted  at  125°C.  However,  this  did  not  occur  until 
approximately  6.2  Vdc,  and  is  well  above  the  5.5  Vdc  maximum  operating  voltage 
specified  by  the  manufacturer  and  MI L-M-38510/237 . 

5.1.4  MWS5501  and  CDP1821  CMOS/SOS  RAMS  -  Operating  temperature  extremes  for 
the  MWS5501  were  limited  to  -55°C  and  85°C  due  to  excessive  address  access 
time  requirements  (t^  >  250  nS)  at  V^  values  above  10.4  Vdc.  This 

effect  can  be  seen  in  the  85°C  and  100°C  shmoo  plots  shown  in  Figure  5-5,  and 
was  only  noted  with  a  Walking  pattern.  Thus,  the  MWS5501  has  an  obvious 
pattern  sensitivity  at  the  upper  temperature  and  voltage  conditions.  However, 
the  manufacturer  stated  that  he  had  not  observed  any  sensitivity  of  the 
MWS5501  to  a  Walking  pattern.  The  microprocessor  version  of  this  part 
(CDP1821)  is  supplied  as  either  a  ten  volt  part  or  a  five  volt  part.  Samples 
of  the  ten  volt  part  provided  by  the  manufacturer  did  not  show  any  pattern 
sensitivity  or  abrupt  change  in  t^  at  values  of  up  to  11.0  Vdc  and 
temperatures  of  125°C.  Shmoo  plots  for  the  CDP1821  at  ambient  temperatures  of 
85°C  and  125°C  are  shown  in  Figure  5-6.  The  five  volt  part  is  simply  a  ten 
volt  part  that  does,,  not  operate  at  10  Vdc.  As  shown  in  the  Figure  5-7  shmoo 
plot,  the  five  volt  part  displays  the  same  characteristics  as  the  MWS5501 . 
However,  in  this  case,  performance  of  the  five  volt  CDP1821  is  severly 
degraded  at  V^  values  above  8  Vdc,  and  the  degradation  , is  observed  with  all 
patterns. 

5.1.5  CCD450  Dynamic  Shift  Register  -  Since  the  CCD450  had  become  obsolete 
during  this  characterization  program,  testing  was  only  performed  at  the 
manufacturer 1 s  specified  temperature  extremes  (0°C  and  +55°C).  With  two 
exceptions,  the  CCD450s  appeared  to  meet  the  manufacturer's  specifications 
over  the  0°C  to  +55°C  temperature  range.  A  50  nS  to  60  nS  rise  time  is 
mandatory  for  the  phase  2  clock  pulse.  The  manufacturer's  catalog  indicated 
the  rise  time  could  be  as  long  as  200  nS,  but  he  has  subsequently  confirmed 
the  requirement  for  a  50  nS  rise  time.  One  of  the  devices  tested  was  also 
sensitive  to  the  Altwor  pattern,  as  illustrated  in  Figure  5-8. 
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FIGURE  5-4.  ADVANCED  MICRO  DEVICES  AM9140  ACCESS  TIME  SHMOOS  SHOWING 
OPERATING  TEMPERATURE  EXTREMES 
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FIGURE  5-5.  RCA  MWS5501  ACCESS  TIME  SHMOOS  SHOWING  HIGH  TEMPERATURE  LIMITATION 
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5.2  WORST  CASE  VOLTAGE  LEVELS 

Worst  case  voltage  levels  for  dc  parameters,  power  dissipation,  and 

noise  immunity  were  previously  determined.  Thus,  the  preliminary  tests  were 

designed  to  yield  the  worst  case  voltage  levels  for  subsequent  functional 

and  timing  tests.  Devices  were  operated  at  the  upper  and  lower  voltage  limits 

specified  by  the  manufacturer  at  the  worst  case  temperature  (high  temperature) 
2  3/2 

using  N  ,  N  ,  and  N  patterns  for  RAMs  (N  patterns  for  CCD  Shift  Register). 
Access  time  and  write  pulse  width  were  measured  at  each  condition  since  both 
parameters  are  affected  by  supply  voltage  variations.  Typical  access  time 
measurements  are  shown  in  Tables  5-1  through  5-6.  These  results  indicate  that 
maximum  access  times  occur  in  all  memory  types  at  the  minimum  value  of  posi¬ 
tive  supply  voltage  and  the  maximum  absolute  value  of  negative  supply  voltage 
(most  negative  voltage).  Similar  results  were  obtained  for  the  write  pulse 
width.  Thus,  all  subsequent  functional  and  timing  parameter  tests  were 
conducted  with  minimum  positive  supply  voltages  and  maximum  values  of  negative 
supply  voltages. 


TABLE  5-1.  TEXAS  INSTRUMENTS  TMS4050  TYPICAL  ADDRESS  ACCESS  TIMES 


1 

PATTERN 

TYPE 

TYPICAL 

ADDRESS  ACCESS  TIMES 

UNITS 

>  : 

BB 

fc  : 

'■  A 

VBB  *  -4‘5V 

VDD  *  12-6v 
VBB  *  ’5-5v 

GAL PAT 

| 

N2 

220 

225 

211 

215 

nS 

ROWPAT 

n3/2 

221 

225 

212 

214 

nS 

MARCH 

N 

220 

224 

211 

214 

nS 

NOTES: 

WORST  CASE  ADDRESS  ACCESS  TIME  OCCURED  AT  -  H.4V  AND  VgB  -  -S.5V. 

2  MAXIMUM  SPECIFICATION  LIMIT  FOR  ADDRESS  ACCESS  TIME  IS  300  NS. 

3  AMBIENT  TEMPERATURE  IS  85°C. 


TABLE  5-2.  FAIRCHILD  93481  TYPICAL  COLUMN  ADDRESS  TIMES 


|  PATTERN 

i  TYPE 

— 

TYPICAL  column 

ADDRESS  ACCESS  TIMES 

UNITS 

i 

1 

vcc  •  s’2Sv 

V„_  *  4.75v 

cc  A 

|  GALPAT 

2 

N 

90 

98 

nS 

ROWPAT 

n3/2 

90 

99 

nS 

MARCH 

”  J 

89 

98 

nS 

NOTTS  ; 

WORST  CASE  COLUMN  ADDRESS  ACCESS  TIME  OCCUR  AT  V  -  4.75V. 

1  MAXIMUM  SPECIFICATION  LIMIT  FOR  COLUMN  ADDRESS  ACCESS  TIME  IS  75  NS. 
3  AMBIENT  TEMPERATURE  IS  70°C. 
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TABLE  5-3.  ADVANCED  MICRO  DEVICES  AM9140  TYPICAL  CHIP  ENABLE  ACCESS  TIMES 


PATTERN 

TYPE 

TYPICAL  CHIP  ENABLE  ACCESS  TIMES 

UNITS 

vcc  •  5-5v 

am 

i 

GALPAT 

N2 

244 

260 

nS 

ROWPAT 

1 

nV2 

246 

260 

nS 

MARCH 

N 

244 

257 

nS 

NOTES: 

A  WORST  CASE  CHIP  ENABLE  ACCESS  TIME  OCCURRED  AT  VCC  -  4.5V. 

2  MAXIMUM  SPECIFICATION  LIMIT  FOR  CHIP  ENABLE  ACCESS  TIME  IS  500  NS. 

3  AMBIENT  TEMPERATURE  IS  125°C. 


TABLE  5-4.  RCA  MWS5501  TYPICAL  READ  ACCESS  TIMES 


PATTERN 

TYPE 

TYPICAL  READ  ACCESS  TIMES 

UNITS 

VDD  -  10.5v 

V„„  -  9. 5v 

DD 

VDD  “  5-25v 

EBB 

WALKING 

N2 

85 

91 

161 

184 

nS 

1 

ROWPAT 

n3/2 

82 

87 

162 

186 

nS 

MARCH 

N 

80 

85 

156 

179 

nS 

NOTES : 

A  WORST  CASE  READ  ACCESS  TIME  OCCURRED  AT  V00  -  4.75V. 

2  MAXIMUM  SPECIFICATION  LIMIT  FOR  ADDRESS  ACCESS  TIME  IS  250  NS. 

3  AMBIENT  TEMPERATURE  IS  85°C. 
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TABLE  5-5.  RCA  CDP1821  TYPICAL  READ  ACCESS  TIMES 


j  PATTERN  i 

TYPE 

TYPICAL  READ  ACCESS  TIMES 

— 

UNITS 

VDD  -  10.5v 

VDD-  9*5v 

VDD  -  5.25v 

HB1 

walking  i 

N2 

80 

83 

164 

183 

nS 

ROW FAT  j 

1 

n3/2 

70 

73 

131 

145 

nS 

MARCH  j 

N 

72 

76 

132 

144 

nS 

NOTES: 

A  WORST  CASE  READ  ACCESS  TIME  OCCURRED  AT  V  -  4.75V. 

2  MAXIMUM  SPECIFICATION  LIMIT  FOR  ADDRESS  ACCESS  TIME  IS  250  NS. 

3  AMBIENT  TEMPERATURE  IS  125°C. 


TABLE  5-6.  FAIRCHILD  CCD450  TYPICAL  READ  ACCESS  TIMES 


PATTERN 

_ 

TYPE 

TYPICAL  READ  ACCESS  TIMES 

UNITS 

V  ■=  5.25V 

VBB  =  -3.00V 
VD1)-  13.20V 

vcc  =  4-75v 

%8  *  -3*°:,V 

V„„  =  10.80V 

UD  ^ 

vcc  *  4*73v 
VBB  =  -2.0V 

VDD  ■  13-20V 

Vcc  *  4.75V 

VrB  -2-pov 
Vdd‘  10-80V 

SRWALK 

N 

144 

156 

144 

150 

nS 

CBOARD1 

N 

142 

155 

144 

149 

nS 

SCAN 

N 

141 

154 

142 

148 

nS 

NOTES : 

A  WORST  CASE  READ  ACCESS  TIME  OCCURRED  AT  V._  *  4.75V,  VOD  =  -3.0V,  AND  V„„  »  10.80V 

CC  RR  |)D 

2  MAXIMUM  SPECIFICATION  LIMIT  FOR  READ  ACCESS  TIME  IS  180  NS. 

3  AMBIENT  TEMPERATURE  IS  55'C. 
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5.3  TIMING-TEST  PATTERNS 


Patterns  used  during  the  measurements  of  dynamic  timing  parameters  were 

selected  from  the  set  of  seven  patterns  used  during  functional  testing. 

2  3/2 

Initially,  only  three  patterns  (N  ,  N  ,  and  N)  were  to  be  selected  for 

timing  parameter  measurements,  since  these  tests  are  extremely  time  consuming. 

Additional  patterns  were  selected  if  test  times  were  not  excessive. 

2  3/2 

The  criteria  for  pattern  selection  was:  a)  select  the  specific  N  ,  N  , 

and  N  pattern  that  yields  the  largest  values  of  access  time  and  write  pulse 

width,  and  b)  if  no  pattern  related  timing  variations  are  noted,  arbitrarily 

2  3/2 

select  at  least  one  N  ,  N  ,  and  N  pattern. 

2 

The  results  of  the  RAM  functional  tests  performed  with  three  N  pat¬ 
terns  (Galpat,  Galwrt,  and  Walking),  one  N'^  pattern  (Rowpat)  and  three- N  *  ' 
patterns  (March,  Addcomp,  and  Shifting  Diagonal)  revealed  pattern  related  / 
timing  variations  in  the  static  RAMs  (AM9140,  MWS5501 ,  and  CDP1821),  but  none 
in  the  dynamic  RAMs  (TMS4050  and  93481).  The  average  AM9140  access  time 
values  obtained  with  the  Galwrt  and  Shifting  Diagonal  patterns  were  slightly 
lower  than  average  values  obtained  with  the  other  patterns.  Thus,  the  Galwrt 
pattern  was  deleted  for  AM9140  timing  parameter  measurements.  The  Galpat 
pattern  was  also  deleted,  arbitrarily  over  the  Walking  pattern,  but  all  other 
patterns  were  retained.  All  seven  patterns  were  retained  for  MWS5501  timing 
parameter  measurements,  since  test  times  for  this  IK  bit  RAM  were  not  exces¬ 
sive.  However,  the  Galwrt,  Addcomp,  and  Shifting  Diagonal  patterns  were 
deleted  for  the  subsequent  tests  of  the  CDP1821  memory  to  expedite  the  test 
program. 

Since  no  pattern  related  timing  variations  were  noted  during  functional 
tests  of  the  TMS4050  and  93481  dynamic  RAMs,  pattern  selection  was  arbitrary. 
The  Galpat  and  Shifting  Diagonal  patterns  were  not  used  for  TMS4050  timing 
parameter  measurements,  and  the  Galwrt  and  Walking  patterns  were  not  used  for 
93481  timing  measurements. 
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Functional  tests  of  the  CCD450  shift  register  were  performed  with  the 
following  N-type  patterns:  Scanl ,  ScanO,  Srwalk,  Altwor,  Cboardl  and  Cboard2. 
Because  of  the  device  obsolescense,  and  the  observed  sensitivity  to  the  Altwor 
pattern,  only  the  Altwor  pattern  was  used  for  timing  parameter  measurements. 

A  summary  of  the  patterns  selected  for  each  memory  type  is  shown  in 
Table  5-7. 
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PATTERN  FOR  TIMING  TESTS 


40 


6.0  FORMAL  CHARACTERIZATION  TEST  RESULTS 


Formal  characterization  testing  was  performed  with  twenty  of  each  RAM 

type  at  the  temperatures  and  worst  case  voltage  conditions  established  during 

the  preliminary  characterization  tests.  Only  two  CCD450  shift  registers  were 

formally  characterized.  The  formal  characterization  tests  included:  a)  dc 

parametric  measurements,  b)  functional  tests  which  included  measurements  of 

2  3/2 

access  time  and  write  pulse  width  using  N  ,  N  '  and  N  patterns,  c)  timing 
parameter  measurements,  d)  threshold  voltage  measurements,  and  e)  refresh  time 
measurements  for  the  dynamic  RAMs.  Included  in  this  section  are  summaries  of 
the  test  results  for  each  memory  type.  The  summaries  provide  computed  mean 
and  standard  deviation  values  for  each  parameter.  However,  parameter  values 
outside  the  range  of  the  measurement  limits  established  by  the  automated  test 
equipment  have  been  censored  from  the  data  set.  Histogram  presentations  of 
selected  parameter  values  are  provided  in  Appendix  F. 

6.1  TMS4050  TEST  RESULTS 

6.1.1  DC  Parameters  -  Results  of  TMS4050  dc  parameter  tests  are  shown  in 
Table  6-1.  With  the  exception  of  the  IgB  and  IDQ  (CEL)  parameters,  the 
MIL-M-38510/235  specification  limits  appear  satisfactory.  The  distribution  of 
IgB  values  is  centered  well  below  the  MIL-M-38510/235  maximum  limit  of  100  n A, 
and  this  limit  could  be  reduced  to  50/j.A.  The  distribution  of  I^p  (CEL) 
values  is  well  above  the  MI L-M-3851 0/234  maximum  limit  of  200  ^A.  Maximum 
values  of  1^^  (CEL)  occured  at  -55°C,  and  the  mean  value  at  -55°C  was  600  //A. 
The  manufacturer  suggested  that  the  out-of-tolerance  values  of  1^  (CEL) 

were  due  to  making  the  measurement  before  the  current  had  reached  its  steady 
state  value.  As  shown  in  Figure  6-1,  there  is  a  large  1^^  transient  when 
the  chip  enable  signal  goes  from  a  high  state  to  a  low  state.  Thus,  it  is 
reasonable  that  some  delay  should  be  incorporated  in  the  test  sequence  between 
the  time  the  chip  enable  signal  goes  low  and  the  IpB  (CEL)  measurement. 
However,  within-specification  values  were  not  realized  after  delays  of  up  to 
15  seconds.  Thus,  the  MIL-M-38510/235  maximum  limit  for  1^^  (CEL)  probably 
should  be  increased. 
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6.1.2  Functional  Tests  -  The  results  of  ta(ad)  and 
performed  while  running  functional  tests  with  the  seven  previously  identified 
patterns  are  summarized  in  Table  6-2.  The  mean  and  standard  deviation  values 
reflect  values  within  the  measurement  limits  set  for  the  automated  test 
system,  and  show  no  important  pattern  related  variations  in  timing  parameters. 
At  -55°C,  8  of  the  20  parts  tested  were  nonfunctional,  and  a  summary  of  the 
percentage  of  these  eight  failures  detected  by  each  pattern  is  shown  in  Table 
6-3.  Note  that  only  the  Shifting  Diagonal  pattern  detected  all  eight  failures, 
suggesting  that  this  N  type  pattern  is  the  most  effective  pattern  for  detecting 
the  observed  TMS4050  functional  failures.  No  attempt  was  made  to  analyze  the 
nature  of  the  failures,  and  the  manufacturer  could/would  not  provide  additional 
i nsights. 

6.1.3  Timing  Parameters  -  A  summary  of  the  timing  parameter  measurements  is 
provided  in  Table  6-4.  This  data  is  a  composite  summary  of  the  data  obtained 
by  measuring  each  parameter  while  running  five  different  patterns  (Galwrt, 
Walking,  Rowpat,  March  and  Addcomp).  All  of  the  parameter  distributions  are 
well  within  the  specification  requirements.  However,  as  was  the  case  during 
functional  testing,  approximately  50%  of  the  parts  failed  at  -55°C.  During 
the  timing  tests,  10  of  the  20  parts  failed  at  -55°C.  A  single  part  failure 
was  also  noted  at  +85°C,  and  a  summary  of  the  percentage  of  failed  devices 
detected  by  each  pattern  and  parameter  test  is  shown  in  Table  6-5.  Note  that 
at  -55°C,  no  single  parameter  was  responsible  for  all  the  failures.  All 
patterns  were  generally  equally  effective  in  detecting  a  failed  part  (all 
patterns  detected  at  least  80%  of  the  failed  parts),  but,  the  Rowpat  pattern 
was  the  only  pattern  that  was  100%  effective  at  -55°C.  Unfortunately,  the 
single  85°C  failure  was  not  detected  by  Rowpat.  This  single  failure  was  also 
not  detected  during  functional  testing  although  it  failed  a  timing  parameter 
that  was  measured  during  functional  testing.  The  reason(s)  for  these  apparent 
inconsistencies  are  not  known,  but  a  part  intermi ttency  could  explain  the 
observed  test  results. 
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TABLE  6-3.  TEXAS  INSTRUMENTS  TMS4050  PATTERN  EFFECTIVENESS 


FAILURE 

PERCENT  FAILURE 

DETECTED  BY 

PATTERN 

PARAMETER 

CRITERIA 

nS 

GP 

GW 

ta  = 

W 

-55°C 

R 

M 

A 

SD 

READ/WRITE 

ta(ad) 

>500 

88 

75 

88 

75 

88 

75 

100 

1  tw(wr) 

<460 

88 

75 

88 

75 

88 

75 

100 

-  — — 

NUMBER  OF  DEVICE 
FAILURES  AT  Tft 

8 

NOTES: 


1.  GP  -  GALPAT 
GW  -  GALWRT 
W  -  WALKING 
R  -  ROWPAT 
M  -  MARCH 

A  -  ADOCOMP 

SB  -  SHIFTING  DIAGONAL 

2.  NO  FAILURES  AT  Tfl  =  25°C  and  Tfl  =  B5°C. 

3.  WORST  CASE  SUPPLY  VOLTAGES:  VpQ  =  11.4V  and  VBR  »  -5.5V. 


46 


-5.5  Vdc 


TABLE  6-5.  TEXAS  INSTRUMENTS  TMS4050  DYNAMIC  TIMING  EFFECTIVENESS 


NOTES: 


1.  GW  -  GAI.WRT 

W  -  WALKING 
R  -  ROWPAT 
M  -  MARCH 
A  -  ADDCOMP 

2.  NO  FAILURES  AT  Tft  =  25°C 

3.  WORST  CASE  SUPPLY  VOLTAGE:  VQD  =  11.4V  and  VRR  =  -5.SV 
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6.1.4  Threshold  Tests  -  Results  of  the  threshold  voltage  tests  are  summarized 
in  Table  6-6.  These  results  affect  device  noise  immunity,  and  are  discussed 
in  paragraph  9.2. 

6.1.5  Refresh  Tests  -  Refresh  test  results  are  summarized  in  Table  6-7.  As 
expected,  the  minimum  refresh  time  requirement  occurs  at  the  high  temperature 
condition  (85°C).  The  standard  deviation  of  the  distribution  is  also  quite 
large,  indicating  a  wide  spread  of  values  for  this  parameter.  Examination  of 
the  histograms  of  refresh  time  at  85°C  (Appendix  F)  shows  a  range  of  values 
from  near  0  milliseconds  to  130  milliseconds,  but  most  parts  are  between 

0  and  30  milliseconds.  Only  a  few  parts  have  85°C  refresh  times  in  the  100 
millisecond  region. 


TABLE  6-6.  TEXAS  INSTRUMENTS  TMS4050  ELECTRICAL  CHARACTERIZATION  -  THRESHOLD  TESTS 


H 

■1 

■ 

H 

PARAMETER 

1 1 

1 

85°C 

mm 

UNITS 

MIN 

MAX 

MEAN 

SIGMA 

MEAN 

SIGMA 

MEAN 

SIGMA 

v 

TH1 

- 

- 

1.753 

0.173 

1.642 

0.131 

1.686 

0.135 

Vdc 

V 

THO 

- 

- 

0.975 

0.191 

0.930 

0.193 

0.990 

0.198 

Vdc 

VDD  =  11.4  Vdc  AND  VRB  =  -5.5  Vdc 
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TABLE  6-7.  TEXAS  INSTRUMENTS  TMS4050  ELECTRICAL  CHARACTERIZATION  -  REFRESH  TESTS 


PARAMETER 

MIL-M- 385X0/235 
TEST  LIMITS 

ta  * 

■  25°C 

m 

■  85'C 

n 

UNITS 

MIN 

MAX 

MEAN 

SIGMA 

meeh 

SIGMA 

MEAN 

SIGMA 

‘ref 

VOD  '  11 -4V 
VBB-  4-5v 

- 

2 

342.419 

114.378 

25.241 

24.519 

401.094 

0.791 

mS 

‘ref 

- 

2 

323.193 

113.046 

23.702 

23.210 

401.094 

0.791 

mS 

DD 


11. 4v 
-5.5v 


6.2  93481  TEST  RESULTS 


6.2.1  DC  Parameters  -  The  93481  dc  parameter  test  results  are  shown  in  Table 
6-8.  All  of  the  measured  parameters  are  well  within  the  manufacturer's 
catalog  limits,  and  tightened  limits  could  be  incorporated  in  a  MI L-M-3851 0 
specification.  Limits  are  also  required  for  the  1^  parameters,  since  the 
manufacturer  does  not  specify  limits  for  I^. 

6.2.2  Functional  Tests  -  The  results  of  t^^  ar|d  measurements  perfonned 
while  running  functional  tests  with  seven  patterns  are  shown  in  Table  6-9.  No 
important  pattern  related  variations  in  timing  parameters  were  noted,  but 

7  of  the  20  parts  tested  were  not  functional  (6  at  0°C  and  1  at  70°C). 

With  the  exception  of  the  single  failure  at  70°C,  all  failures  (Table  6-10) 
were  detected  by  all  patterns.  The  70°C  part  failure  was  not  detected  by  the 
Addcornp  and  Shifting  Diagonal  patterns.  A  cell-disturb  type  failure  could 
produce  the  observed  pattern  sensitive  results. 


6.2.3  Timing  Parameters  -  A  summary  of  the  93481  timing  parameter  measure¬ 
ments  is  shown  in  Table  6-11.  Examination  of  the  mean  and  standard  deviation 
values  for  each  parameter  shows  that  a  high  percentage  of  parts  do  not  meet 
the  manufacturer's  specifications  for  tCAA  and  tw,  especially  at  70°C. 

However,  only  one  part  was  not  functional  at  70°C,  suggesting  that  the  manu¬ 
facturer's  specification  for  t^A  and  t^  should  be  relaxed.  As  shown  in 
Table  6-12,  nine  parts  were  not  functional  at  0°C.  This  high  percentage  (46%) 
is  not  unexpected  in  view  of  the  design  limitation  previously  discussed.  It 
is  interesting  to  note,  however,,  that  no  single  pattern  was  100%  effective  in 
detecting  these  nine  low  temperature  failures,  nor  was  any  single  parameter 
responsible  for  all  the  failures.  Parts  that  are  totally  nonfunctional  at  0°C 
should  have  been  detected  by  all  patterns,  and  failed  all  parameter  specifi¬ 
cations.  Thus,  some  of  the  0°C  failures  were  probably  still  functional 
parts. 
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4.75  Vdc 


WORST  CASE  SUPPLY  VOLTAGE 


TABLE  6-12.  FAIRCHILD  93481  DYNAMIC  TIMING  EFFECTIVENESS 


FAILURE 

CRITERIA 

PERCENT  FAILURE 

DETECTED 

BY  PARAMETER 

AND  PATTERN 

Ta  =  70  °C 

ta 

=  9°C 

PARAMETER 

nS 

GP  R  M  A 

SO 

GP 

R 

M 

A 

SO 

READ/WRITE 

lAS 

<  9 

78 

78 

78 

78 

56 

lAH 

<  59 

67 

78 

78 

78 

56 

tWSDE 

<120 

100  100 

78 

67 

78 

67 

67 

t 

lwhd 

<  35 

44 

44 

44 

44 

56 

read/modify/write 

tCM 

>200 

56 

56 

56 

56 

56 

<  50 

56 

56 

56 

56 

56 

lCSA 

>  80 

_  _ 

56 

56 

56 

56 

56 

PERCENT  OF  FAILEO 
DEVICES  DETECTED 

BY  PATTERN 

100  100 

89 

89 

89 

78 

67 

NUMBER  OF  FAILED 
DEVICES  AT  Tft 

1 

9 

NOTES: 

1.  GP  -  GAIPAT 

R  -  ROWPAT 
M  -  MARCH 
‘  A  -  ADOCOMP 
SO  -  SHIFTING  DIAGONAL 

2.  NO  FAILURES  AT  TA  =  25°C 

3.  WORST  CASE  SUPPLY  VOLTAGE:  VC(.  =  4.5V 


Discussions  with  the  manufacturer  about  the  inability  of  these  parts 
to  meet  his  catalog  specifications  revealed  that  he  has  redesigned  the  part 
using  smaller  element  geometries.  He  stated  that  the  new  parts  should  meet 
the  catalog  specifications,  especially  the  75  nS  access  time  requirement. 
However,  he  has  no  current  plans  to  design  a  part  capable  of  operation  at 
-55°C. 

6.2.4  Threshold  Tests  -  Threshold  voltage  test  results  are  summarized  in 
Table  6-13,  and  are  discussed  in  paragraph  9.2. 

6*2.5  Refresh  Tests  -  Refresh  time  test  results  are  summarized  in  Table  6-14. 
As  was  the  case  with  the  TMS4050,  there  is  wide  spread  in  the  distribution  of 
parameter  values,  suggesting  that  the  processes  affecting  this  parameter  are 
not  wel 1  controlled. 


TABLE  6-13.  FAIRCHILD  93481  ELECTRICAL  CHARACTERIZATION  -  THRESHOLD  TESTS 


PARAMETER 

MANUFACTURER'S 
TEST  LIMITS 

(  I 

B 

wa 

T  -  0#C 

A 

UNITS 

MIN 

MAX 

MEAN 

SIGMA 

MEAN 

SIGMA 

MEAN 

SIGMA 

V 

TH1 

- 

- 

1 .879 

0.046 

1 .671 

0.035 

7.100 

0.  108 

Vdc 

V 

THO 

- 

1.146 

0.113 

1.018 

0.060 

1.299 

0.041 

Vdc 

Voc  s  4.75  Vdc 
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TABLE  6-14.  FAIRChtLD  93481  ELECTRICAL  CHARACTERIZATION  -  REFRESH  TESTS 


6.3  AM9140  TEST  RESULTS 


6.3.1  DC  Parameters  -  The  AM9140  dc  parameter  test  results  are  shown  in  Table 
6-15.  All  of  the  measured  parameter  values  are  well  within  the  limits  con¬ 
tained  in  MIL-M-38510/237 ,  and  the  limits  for  could  be  tightened. 
Electrical  tests  of  a  120  piece  lot  of  AM9140s  for  another  RADC  program 
(Contract  No.  F30602-78-C-0014)  confirmed  that  the  maximum  values  specified 
for  1^  could  be  reduced  with  no  increase  in  yield  loss. 


6.3.2  Functional  Tests  -  The  results  of  t^  and  t^  measurements  performed 
while  running  functional  tests  with  seven  patterns  are  shown  in  Table  6-16. 
Examination  of  the  mean  values  of  access  time  obtained  with  each  pattern  shows 
no  important  pattern  related  variations  for  five  of  the  seven  patterns. 
However,  the  mean  values  of  tA  obtained  while  running  the  Galwrt  and  Shift¬ 
ing  Diagonal  patterns  are  respectively  5%  and  15%  lower  than  the  mean  values 
of  tA  obtained  with  the  other  five  patterns.  Without  specific  knowledge  of 
where  the  access  time  variations  are  occurring  on  the  chip,  it  is  difficult  to 
speculate  why  the  Galwrt  and  Shifting  Diagonal  patterns  yield  lower  access 
times  than  the  other  patterns. 


Two  of  the  AM9140  memories  were  nonfunctional  at  -55°C  and  125°C,  and  as 
shown  in  Table  6-17,  neither  of  the  failures  was  detected  with  the  Shifting 
Diagonal  pattern.  All  failures  were  detected  by  the  Galpat,  Galwrt,  Walking 
and  March  patterns. 

6.3.3  Timing  Parameters  -  A  summary  of  the  AM9140  timing  parameter  measure¬ 
ments  is  provided  in  Table  6-18.  All  of  the  timing  parameter  distributions 
are  well  within  the  MIL-M-38510/237  limits,  and  the  limits  for  output  off 
delay  ( t^p )  and  data  setup  time  (t^)  could  be  more  stringent  if  desired. 

Three  timing  parameter  failures  were  noted  at  125°C,  and  as  shown  in  Table 
6-19,  all  were  detected  by  all  patterns  except  the  Shifting  Diagonal. 

6.3.4  Threshold  Tests  -  Results  of  the  threshold  voltage  tests  are  summarized 
in  Table  6-20,  and  are  discussed  in  paragraph  9.2. 
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TABLt  6-19.  ADVANCED  MICRO  DEVICES  AM9140  DYNAMIC  TIMING  EFFECTIVENESS 


PARAMETER 

READ/WRITE 


FAILURE 

CRITERIA 

nS 


PERCENT  FAILURE  DETECTED 
BY  PARAMETER  AND  PATTERN 

Ta  =  125°C 

W  R  M  A  SD 


tCF 

>200 

67 

67 

67 

67 

tDM 

<320 

33 

33 

33 

33 

lDH 

<200 

67 

67 

67 

67 

67 

READ/MODIFY/WRITE 

lA 

>330 

67 

67 

33 

33 

PERCENT  OF  FAILED 
DEVICES  DETECTED 

BY  PATTERN 

- - 

— 

100 

— 

100 

100 

100 

67 

NUMBER  OF  FAILED 
DEVI'  S  AT  T.  . 


1.  W  -  WALKING 
R  -  ROWPAT 
M  -  MARCH 
A  -  ADDCOMP 
SD  -  SHIFTING  DIAGONAL 


2.  NO  FAILURES  AT  Tft  =  ?5°C  and  Tft  =  -55°C 

3.  WORST  CASE  SUPPLY  VOLTAGE:  Vrf  =  4.6V 
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TABLE  6-20.  ADVANCED  MICRO  DEVICES  AM9140  ELECTRICAL  CHARACTERIZATION  -  THRESHOLD 

TESTS 


PARAMETER 

MIL-M-38510/235 
TEST  LIMITS 

m 

25'C 

m 

85'C 

R 

-55“c 

UNITS 

MIN 

MAX 

MEAN 

SIGMA 

MEAN 

SIGMA 

MEAN 

SIGMA 

V 

TH1 

- 

- 

1.587 

0.074 

1.527 

0.067 

1.674 

0.076 

Vdc 

V 

THO 

- 

- 

1.472 

0.080 

1.381 

0.071 

1.510 

0.104 

Vdc 

vcc  '  4-5  vdc 


6.4  MWS5501  TEST  RESULTS 


6*4.1  DC  Parameters  -  Results  of  MWS5501  dc  parameter  tests  are  shown  in 
Table  6-21.  With  the  exception  of  the  IDDH  and  IQDL  parameters,  the 
distribution  of  parameter  values  were  well  within  the  manufacturer1 s  specified 
limits..  The  distribution  of  1^^  and  1^^  values  below  one  milliamp  were 
also  within  the  manufacturer' s  limits  ( IpDH  _<  500 /*A  and  1DDL  1  200  MA) , 
but  approximately  30%  of  the  parts  displayed  IDD  values  greater  than  one 
milliamp  at  85°C. 

6*4.2  Functional  Tests  -  Selected  results  of  tRA  and  t^  measurements 
performed  while  running  functional  tests  with  seven  patterns  are  shown  in 
Table  6-22.  With  the  exception  of  the  tRA  values  obtained  at  85°C  while 
running  the  Walking  pattern  at  9.5  Vdc  and  10.5  Vdc,  there  are  no  pattern- 
related  variations  in  the  10  volt  results.  The  values  of  tRA  obtained  at  10 
Vdc  with  the  Walking  pattern  are  slightly  higher  than  the  values  obtained  with 
the  other  six  patterns  for  the  reasons  previously  discussed. 

The  5  Vdc  results  show  a  wide  variation  (20  nS)  in  the  mean  values  of 
tRA  at  55°C.  The  maximum  mean  tRA  value  of  152  nS  was  obtained  with  the 
Galpat  pattern,  and  the  minimum  tRA  value  of  132  nS  was  obtained  with  the 
Shifting  Diagonal  pattern. 

A  total  of  nine  parts  were  also  nonfunctional  at  85°C  with  V^  =  10.5 
Vdc,  and  as  shown  in  Table  6-23,  were  only  detected  with  the  Walking  pattern. 
At  -55°C ,  there  were  two  nonfunctional  devices  with  V^  =  4.75  Vdc.  Both  of 
these  failures  were  detected  with  a  March  pattern.  One  of  the  failures  was 
also  detected  with  the  Addcomp  pattern. 

6.4.3  Timing  Parameters  -  A  summary  of  the  timing  parameter  measurements  is 
provided  in  Table  6-24.  These  measurements  were  performed  at  the  lower 
voltage  conditions  (9.5  Vdc  and  4.75  Vdc)  where  the  access  time  parameter  is 
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TABLE  6-22.  RCA  MWS5501  ELECTRICAL  CHARACTERIZATION  -  FUNCTIONAL  TESTS 


PARAMETER 

MANUFACTURER’S 
TEST  LIMITS 

ta 

25°C 

Ta  =  85°C 

TA  - 

-55°C 

MIN 

MAX 

MEAN 

SIGMA 

MEAN 

SIGMA 

MEAN 

SIGMA 

READ/WRITE 

*RA»  10-5V 

125 

i 

GALPAT 

6.382 

83.923 

5.851 

68.190 

6.284 

GALWRT 

73.130 

5.294 

81.615 

5.122 

63.333 

4.714 

WALKING 

74.870 

6.879 

88.615 

7.354 

67.095 

6.338 

ROWPAT 

75.348 

6.491 

83.769 

5.925 

67.571 

6.344 

MARCH 

73.565 

6.592 

83.077 

6.403 

67.619 

6.758 

ADOCOMP 

74.304 

6.912 

82.846 

6.395 

66.238 

6.450 

SHIFTING 

125 

73.739 

6.828 

82.846 

6.323 

67.000 

6.466 

DIAGONAL 

tRA.  9-5y 

u 

?5 

GALPAT 

81.130 

6.956 

89.769 

6.303 

73.048 

6.168 

GALWRT 

76.652 

5.631 

85.538 

5.473 

66.000 

5.004 

WALKING 

80.435 

7.442 

94.154 

6.983 

70.905 

6.428 

ROWPAT 

80.652 

6.806 

89.154 

6.274 

72.571 

6.366 

MARCH 

78.870 

6.930 

88.231 

6.436 

71.000 

6.740 

ADDCOMP 

79.087 

7.223 

88.154 

6.526 

70.857 

6.678 

SH I F  T l NG 

125 

78.739 

7.098 

87.923 

6.244 

71.476 

6.478 

DIAGONAL 

tRA*  4*75V 

25 

GALPAT 

154.478 

16.030 

167.769 

14.733 

152.333 

19.308 

GALWRT 

154.130 

16.200 

168.692 

15.158 

135.048 

12.117 

WALKING 

151.478 

15.434 

158.692 

14.922 

137.048 

12.702 

ROWPAT 

154.435 

15.767 

67.846 

14.S07 

144.238 

16.177 

MARCH 

148.174 

15.148 

i64 . 154 

14.612 

131.333 

11.232 

ADDCOMP 

.48.348 

15.092 

163.385 

13.904 

135.143 

12.957 

SHIFTING 

250 

134.652 

13.761 

143.692 

12.220 

132.333 

13.003 

DIAGONAL 

ty,  10.5V 

4 

5 

GALPAT 

a 

42.957 

5.637 

49.385 

5.610 

38.905 

4.849 

GALWRT 

a 

43.522 

5.412 

46.077 

39.952 

4.786 

WALKING 

4L.609 

6.232 

50.692 

6.330 

38.952 

4.806 

ROWPAT 

■ 

42.826 

5.459 

45.462 

5.154 

38.810 

4.817 

MARCH 

42.130 

5.335 

45.231 

4.870 

39.0'..  3 

4.946 

ADOCOMP 

41.870 

5.472 

45.385 

5.241 

38.667 

4.754 

SHIFTING 
'I  AGONAL 

u 

42.957 

5.520 

45.615 

5.001 

39.429 

4.797 

ADOCOMP 
'  HITTING 
■it  AGONAL 


ADDCOMP 

SHIFTING  DIAGONAL 


15.79?  3.277  17.300  3.286  14.95?  3.676 


typically  the  largest.  However,  in  light  of  the  pattern  sensitivity  problems 
noted  at  the  high  voltage  condition,  test  specifications  for  these  parts  should 
include  measurements  at  both  the  high  and  low  voltage  conditions  using  a 
Walking  pattern.  Examination  of  the  mean  and  standard  deviation  of  the  timing 
parameter  values  shows  that  the  distributions  are  within  the  manufacturer's 
specifications,  although  three  failures  were  detected  (two  at  85°C  and  one  at 
-55°C).  As  shown  in  Table  6-25,  the  85°C  failures  were  detected  by  only  the 
Walking  pattern,  and  the  single  -55°C  failure  was  only  detected  by  the  March 
pattern.  These  results  are  in  agreement  with  the  functional  test  results. 

6.4 .A  Threshold  Tests  -  Results  of  the  threshold  voltage  tests  are  summarized 
in  Table  6-26,  and  are  discussed  in  paragraph  9.2. 


TABLE  6-26.  RCA  MWS5501  ELECTRICAL  CHARACTERIZATION  -  THRESHOLD  TESTS 


parameter 

manufacturer's 

TEST  LIMITS 

n 

25“C 

■n 

85°C 

H 

— 

UNITS 

MIN 

■ism 

MEAN 

SIGMA 

MEAN 

SIGMA 

MEAN 

SIGMA 

VTHR 

V  ■  9-5v 

- 

- 

5.378 

0.232 

3.413 

0.213 

5.422 

0.282 

Vdc 

v 

THN 

V  =  9. 5v 

DU 

V 

THP 

2.686 

0.179 

2.530 

0.132 

2.823 

0.138 

Vdc 

V  =  4.75v 

V 

THN 

2.682 

0.083 

2.637 

0.077 

2.673 

0.081 

Vdc 

V  =  4 . 75v 

DD 

1.266 

0.393 

1.251 

0.282 

1.655 

0.154 

Vdc 

6.5  CDP1821  TEST  RESULTS 


The  CDP1821  is  the  microprocessor  family  designation  for  the  MWS5501 
memory,  and  is  essentially  the  same  chip.  The  CDP1821  is  rated  by  the  manu¬ 
facturer  as  a  125°C  part,  but  the  85°C  limits  for  virtually  all  parameters 
have  been  relaxed  to  allow  specification  at  125°C.  Comparison  of  the  MWS5501 
specification  (85°C)  with  the  CDP1821  specification  (125°C)  reveals  that:  a) 
IIH  has  been  increased  from  1 /xA  to  10  /xA,  b)  IDDH  has  been  increased  from 
500  /x A  to  1500  /xA,  and  c)  t^  has  been  increased  from  125  nS  to  350  nS. 

The  dc  parameter,  functional,  and  timing  parameter  test  results  shown  in 
Tables  6-27  through  6-31  are  similar  to  those  obtained  with  the  MWS5501 . 
Generally,  the  manufacturer's  specification  changes  to  permit  125°C  operation 
appear  warranted,  but  the  magnitude  of  the  changes  may  be  excessive.  MIL-M- 
38510  specification  limits  could  probably  be  tighter  than  the  manufacturer's 
catalog  limits. 

The  extreme  pattern  sensitivity  noted  with  the  MWS5501  at  high  tempera¬ 
ture  and  high  voltage  was  not  observed  with  the  CDP1821.  However,  based  on 
the  two  CDP1821  failures  observed,  it  still  appears  that  the  Walking  pattern 
is  the  most  effective  pattern  for  these  parts. 


TABLE  6-27.  RCA  CDP1821  ELECTRICAL  CHARACTERIZATION  -  DC  TESTS 


j 


i 

I 


TABLE  6-28.  RCA  CDP1821  ELECTRICAL  CHARACTERIZATION  -  FUNCTIONAL  TESTS 


PARAMETER 

MANUFACTURER'S 
TEST  LIMITS 

V 

25°C 

Tft  =  85 °C 

.  Ta  =  125°C 

UNITS 

MIN 

MAX 

MEAN 

SIGMA 

MEAN 

SIGMA 

MEAN 

SIGMA 

READ/WRITE 

%•  10-5V 

3 

30 

GALPAT 

3.521 

69.200 

3.487 

76.600 

3.555 

nS 

GALWRT 

3.441 

64.200 

3.919 

4.243 

WALKING 

3.125 

70.400 

2.653 

4.842 

ROWPAT 

61.000 

3.397 

69.200 

3.487 

76.600 

4.030 

MARCH 

59.000 

3.347 

66.600 

2.938 

77.200 

5.193 

ADDCOMP 

60.000 

3.950 

68.200 

3.599 

76.000 

3.950 

SHIFTING 

59.800 

3.869 

68.200 

3.486 

76.600 

3.136 

nS 

DIAGONAL 

*AA*  9'5V 

3 

GALPAT 

66.400 

5.004 

75.000 

5.177 

83.000 

5.477 

nS 

GALWRT 

61.000 

4.690 

68.600 

4.800 

75.000 

4.690 

WALKING 

65.000 

4.604 

76.600 

4.758 

90.800 

5.308 

ROWPAT 

66.200 

4.834 

74.000 

5.344 

81.800 

5.231 

MARCH 

63.000 

4.100 

72.200 

4.215 

85.400 

6.312 

ADDCOMP 

62.800 

4.579 

71.000 

3.950 

79.000 

3.949 

SHIFTING 

350 

65.400 

5.004 

73.000 

4.858 

81.400 

4.799 

ns 

DIAGONAL 

w  4-75V 

5f 

>0 

GALPAT 

156.800 

24.473 

158.400 

18.779 

175.200 

20.123 

nS 

GALWRT 

141.000 

12.932 

152.800 

12.319 

161.000 

10.295 

WALKING 

146.600 

18.250 

169.600 

16.836 

209.600 

21.464 

ROWPAT 

153.800 

22.850 

158.200 

18.925 

172.400 

19.946 

MARCH 

137.600 

14.208 

150.800 

14.810 

168.000 

18.176 

ADDCOMP 

142.000 

15.925 

152.400 

14.178 

177.800 

15.767 

SHIFTING 

560 

139.000 

17.574 

147.000 

13.070 

173.400 

15.653 

nS 

DIAGONAL 

tM.  10. 5V 

14 

0 

GALPAT 

1 

■ 

36.000 

0.633 

38.800 

1.166 

43.800 

1.166 

nS 

GALWRT 

a 

s 

36.200 

0.748 

39.000 

41.800 

1.166 

WALKING 

I 

m 

36.000 

0.633 

38.800 

42.200 

0.746 

ROWPAT 

■ 

I 

35.800 

0.748 

38.600 

1.019 

44.400 

1.200 

MARCH 

m 

36.200 

0.979 

38.800 

1.166 

41.400 

0.801 

, 

ADDCOMP 

u 

35.800 

0.748 

38.800 

1.327 

43.400 

0.799 

SHIFTING 

■ns 

36.400 

0.801 

39.600 

1.356 

42.000 

1.265 

nS 

DIAGONAL 

mm 

_ _  -  .. 

L 

TABLE  6-29.  RCA  CDP1821  PATTERN  EFFECTIVENESS 


NOTES: 


1.  GP  -  GAL PAT 
GW  -  GALWRT 
W  -  WALKING 
R  -  ROW PAT 
M  -  MARCH 
A  -  ADDCOMP 
SD  -  SHIFTING  01 AGONAL 


2  NO  FAILURES  AT  Tft  =  85°C  AND  Tft  =  12S°C 
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TABLE  6-31.  RCA  CDP1821  DYNAMIC  TIMING  EFFECTIVENESS 


PARAMETER 


VDD  -  5.25V 
READ/MODI FY/WRITE 

tAA 

tDS 

tDH 

READ/MODIFY/WRITE 
VDD  ‘  4-75V 


lAA 


DS 

tOH 


NUMBER  OF  FAILED 
DEVICES  AT  T. 


FAILURE 

CRITERIA 

nS 

PERCENT  FAILURE  DETECTED 

BY  PARAMETER  AND  PATTERN 

MM 

>250 

100 

<  50 

100 

<  50 

100 

>250 

100  100 

<  50 

100  100 

<  50 

100  100 

1 

NOTES: 

1.  GP  -  GALPAT 

W  -  WALKING 
R  -  ROWPAT 
M  -  MARCH 

2.  NO  FAILURES  AT  T.  =  85°C  and  Tft  =  125°C 
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6.6  CCD450  TEST  RESULTS 


The  results  of  the  limited  testing  (two  devices)  performed  with  the 
CCD450  dynamic  shift  register  are  summarized  in  Tables  6-32  through  6-34.  In 
addition  to  the  previously  noted  requirement  for  a  50  nS  phase  2  clock  rise 
time  and  possible  sensitivity  to  the  Altwor  pattern,  the  CCD450  test  results 
suggested  that  the  parts  do  not  meet  the  manufacturer's  specification  for 
t<.^  and  Since  the  CCD450  is  no  longer  being  manufactured,  no 

further  tests  were  performed. 
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7.0  BURN-IN/LIFE  TEST  CIRCUIT  EVALUATIONS 


The  purpose  of  the  burn-in/life  test  circuit  evaluations  was  to  formulate 
effective  MIL-M-38510  screening  circuits.  One  dynamic  and  three  static 
circuit  configurations  were  evaluated  by  operating  each  memory  type  at  ambient 
temperatures  between  25°C  and  125°C.  Following  this  evaluation,  a  single 
circuit  was  selected  for  a  burn-in/life  test  circuit  verification  test.  The 
verification  test  consisted  of  operating  three  of  each  memory  type  for  72 
hours  at  125°C  in  the  selected  bias  circuit.  Electrical  performance  measure¬ 
ments  after  cool-down  to  room  temperature  with  bias  applied  validated  that  the 
selected  circuit  was  acceptable,  and  did  not  induce  undesired  failure  modes. 
During  the  burn-in/life  test  evaluations,  the  criteria  for  an  acceptable 
static  bias  circuit  was:  a)  no  thermal  runaway,  b)  no  excessive  current 
densities,  and  c)  no  abrupt  changes  in  an  output  voltage  state  over  the  25°C 
to  125°C  temperature  range.  An  acceptable  dynamic  bias  circuit  was  also 
required  to  meet  these  criteria.  In  addition,  the  memory  must  remain  func¬ 
tional  in  the  dynamic  bias  circuit  at  temperatures  between  25°C  and  125°C. 
During  all  evaluations,  the  device  power  supply  and  output  voltages  were 
recorded.  Appropriate  waveform  photographs  were  also  taken  of  memory  opera¬ 
tion  in  the  dynamic  bias  circuits.  ' 

The  three  static  burn-in  circuits  were  selected  from  the  device  truth 
table  combinations  and  included  the  read  mode,  write  mode,  and  high  output 
impedance  or  standby  mode.  Address  pins  were  biased  with  and  V<.<; 

(GND),  and  device  outputs  were  unloaded.  The  dynamic  burn-in  circuit  operated 
the  devices  in  the  read/  modify/write  mode  with  a  checkerboard  pattern,  and  a 
30  pF  load.  This  mode  of  operation  closely  approximates  memory  usage  condi¬ 
tions  and  exercises  all  portions  of  the  memory.  During  both  the  static  and 
dynamic  circuit  evaluations,  devices  were  stressed  with  the  maximum  rated 
operating  voltage  in  the  temperature  range  from  25°C  to  125°C. 
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All  of  the  circuits  evaluated  operated  satisfactorily  at  125°C.  Thus, 
selection  of  burn-in  circuits  for  MIL-M-38510  specifications  was  based  on  the 
electrical  stress  conditions  established  by  each  circuit.  The  dynamic  bias 
circuits  were  selected  for  all  memory  types,  since  the  electrical  stresses  are 
similar  to  usage  conditions,  and  all  parts  of  the  memory  will  be  subjected  to 
maximum  voltage  stress  pulses  during  the  burn-in.  Static  bias  circuits  will 
not  provide  maximum  voltage  stresses  across  all  gate  oxides  or  pn  junctions. 
However,  a  static  bias  test  is  felt  to  be  more  effective  for  accelerating 
failures  due  to  ionic  contamination,  and  perhaps  both  types  of  tests  should  be 
employed.  Both  types  of  tests  are  currently  specified  in  MIL-M-38510  for 
Class  "S"  CMOS  microcircuits.  Thus,  both  static  and  dynamic  test  circuits 
were  selected  for  the  MWS5501  CMOS/SOS  memory.  A  summary  of  the  circuit 
conditions  selected  for  each  memory  type  is  provided  in  Table  7-1.  Details  of 
the  MWS5501  static  bias  circuit  configuration  are  shown  in  Figure  7-1.  Also 
shown  in  the  figure  is  a  plot  of  the  supply  current  (IDD)  as  a  function  of 
ambient  temperature.  Similar  information  is  provided  in  Figures  7-2  through 
7-4  for  the  other  memory  types.  The  circuits  shown  in  these  figures  were  the 
selected  candidates  for  static  bias  configurations  and  could  be  useful  where 
both  static  and  dynamic  biasing  is  desired. 

Three  of  each  memory  type  were  operated  in  the  dynamic  bias  circuit 
configuration  for  72  hours  at  125°C.  Photographs  of  input/output  waveforms  of 
typical  devices  before  and  after  the  72  hour  burn-in  are  presented  in  Figures 
7-5  through  7-7.  Following  the  72  hour  circuit  verification  test,  all  devices 
were  subjected  to,  and  passed,  electrical  performance  tests.  Thus,  all  of 
the  selected  circuits  appear  satisfactory  for  inclusion  in  MIL-M-38510 
specifications. 
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TABLE  7-1.  SUMMARY  OF  SELECTED  BURN-IN/LIFE  TEST  CIRCUITS 


PART  TYPE 

MAXIMUM 

OPERATING  VOLTAGE 

TYPE  OF 
CIRCUIT 

MODE  OF 
OPERATING 

TEST 

PATTERN 

MS4050 

VDD  -  12.6V 

VBB  -  -5.5V 

DYNAMIC 

REM) /MODIFY /WRITE 

CHECKERBOARD 

AM9140 

VCC  -  5.5V 

DYNAMIC 

READ/MODIFY/WRITE 

CHECKERBOARD 

MWS5501 

VDD  -  10.5V 

STATIC 

DYNAMIC 

READ 

READ/MODIFY/WRITE 

N/A 

CHECKERBOARD 

93481 

VCC  -  5.25V 

DYNAMIC 

READ/MODIFY/WRITE 

CHECKERBOARD 

88 


>4K  OHMt.1% 


150 


FIGURE  7-3.  ADVANCED  MICRO  DEVICES  AM9140  STATIC  BURN-IN  CIRCUIT  EVALUATION 
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FIGURE  7-7.  FAIRCHILD  9  341,1  1j  '  nr  -  IFF  M  SI  CIRCUIT  VERIFICATION 
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8.0  INPUT  PROTECTION  NETWORK  EVALUATION 
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MOS  and  CMOS  microcircuits  normally  incorporate  circuitry  at  the  input 
pins  to  protect  the  thin  gate  oxides  from  transient  or  static  discharge 
induced  damage.  The  networks  typically  include  resistors,  and  clamping 
diodes  or  clamping  transistors.  Parasitic  capacitors  are  also  present,  but 
may  not  be  shown  in  manufacturer  provided  schematics.  Input  clamp  diodes  are 
also  incorporated  in  TTL  microcircuits  for  transient  voltage  protection. 
Examination  of  the  NMOS  (TMS4050  and  AM9140),  CMOS  (MWS5501 )  and  I2L  (93481) 
memory  types  revealed  that  the  input  protection  networks  shown  in  Figure  8-1 
were  incorporated  in  each  memory  type.  No  attempt  was  made  to  identify  the 
input  protection  network  for  the  CCD  shift  register  (CCD450)  since  only 
limited  evaluations  were  performed  with  this  now  obsolete  part.  Note  that  the 
CMOS  input  is  protected  from  static  discharges  between  the  input  and  ground, 
and  the  input  and  The  NMOS  memories  only  provide  protection  between  the 
input  pins  and  ground.  Additional  NMOS  protection  is  not  required,  since  the 
path  between  input  and  VQD  is  normally  a  high  impedance  path.  Thus,  break¬ 
down  of  the  gate  oxide  due  to  transients  between  an  input  and  VQp  will  not 
result  in  damaged  oxide. 

The  degree  of  static  discharge  protection  provided  by  the  input  networks 
can  be  evaluated  by  applying  a  voltage  pulse  to  the  input  pin.  The  puls® 
should  approximate  in  magnitude  and  duration  a  static  discharge  pulse  that 
could  be  experienced  during  normal  device  handling.  The  worst  case  polarity 
that  will  cause  damage  to  either  the  input  stage  or  the  protection  circuitry 
should  also  be  applied.  Worst  case  polarity  is  the  condition  that  will  result 
in  a  reverse  voltage  breakdown  of  a  pn  junction  since  this  results  in  maximum 
junction  power/ heating.  The  input  pins,  voltage  polarities  and  voltage 
magnitudes  established  for  testing  memory  input  protection  circuitry  are  shown 
in  Table  8-1.  Voltage  magnitudes  are  based  on  the  values  contained  in  MIL-M- 
38510  specifications  for  the  same  or  similar  parts. 
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TABLE  8-1.  SUMMARY  OF  ZAP  TEST  CONDITIONS 


PART  TYPE 

ZAP  VOLTAGE 

TEST  CONDITIONS 

(VOLTS) 

+  TC RHINAL 

-  TERMINAL 

TMS4050 

+  150 

-150 

ADDRESS  Aq 

ADDRESS  Aq 

VSS 

vss 

Ai-19 140 

+  150 

-150 

ADORESS  Aq 

ADDRESS  Aq 

vss 

VSS 

MWS5501 

+400 

+400 

VDD 

ADDRESS  Aq 

ADDRESS  Aq 

vss 

93481 

+  150 

ADDRESS  Aq 

VSS 

Static  discharge- type  pulses  were  simulated  with  the  circuit  shown 
in  Figure  8-2.  The  values  of  resistances  and  capacitance  shown  in  the  circuit 
were  selected  to  represent  typical  body  resistance  and  capacitance  [6].  A 
typical  voltage  waveform  obtained  at  the  input  of  a  device  pin  is  shown  in 
Figure  8-3. 

Following  the  static  discharge  (Zap)  tests  of  two  of  each  memory  type 
(CCD450  excluded),  parametric  and  functional  tests  were  performed  to  determine 
if  device  damage  was  experienced.  Results  of  these  tests  showed  negligible 
parameter  degradation  and  no  functional  failures. 


I 


equivalent  static 

DISCHARGE  TRANSIENT  • 

I - 1 


SI  *  Hg  wetted  "chatter  free"  relay. 


FIGURE  8-2.  HIGH  VOLTAGE  ZAP  TEST  CIRCUIT 
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9.0  ANALYSIS  OF  CHARACTER  HAT I ON  TEST  RESULTS 


Electrical  characterization  test  results  were  used  to  compute  maximum 
power  dissipation  and  noise  immunity  for  each  memory  type.  The  results  were 
also  analyzed  in  an  attempt  to  determine  the  optimum  set  of  electrical  tests 
for  a  MIL-M-33510  specification.  The  optimum  set  of  tests  was  initially 
defined  to  be  the  minimum  number  of  tests  (minimum  test  time)  required  to 
obtain  a  90 %  test  confidence  level.  Unfortunately,  for  large  memories  (RAMs), 
it  is  not  practical  to  verify  the  integrity  of  all,  or  even  90/i  of  all  pos¬ 
sible  signal  paths,  as  is  typically  done  with  combinatorial  logic  devices. 
Thus,  a  qualitative  analysis  of  test  effectiveness  was  performed. 

Included  in  this  section  are:  a)  the  results  of  the  power  dissipation 
and  noise  immunity  calculations,  and  b)  discussions  of  the  dc  parameter, 
functional,  and  timing  parameter  test  results. 

9.1  POWER  DISSIPATION 

Results  of  the  power  dissipation  calculations  are  shown  in  Table  9-1. 

The  average  values  of  the  maximum  power  dissipation  at  each  temperature  were 
obtained  from  the  products  of  average  values  of  power  supply  current  and 
maximum  value  of  power  supply  voltages.  The  worst  case  values  shown  in  the 
table  were  calculated  as  the  product  of  average  plus  3  sigma  values  of  power 
supply  current  and  maximum  power  supply  voltage.  Worst  case  values  are  shown 
for  the  ambient  temperature  condition  that  results  in  maximum  power  dissipa¬ 
tion.  All  of  the  calculated  power  dissipation  values  are  for  the  quiescent 
state,  however,  for  reference,  typical  25°C  catalog  values  of  dynamic  power 
dissipation  are  shown  for  the  CMOS/SOS  and  CCD  memory  types  (MWS5501 ,  and 
CCD450) . 

The  CMOS/SOS  memory,  as  expected,  requires  the  least  power  of  all  the 

memory  technologies  evaluated.  Ranking  the  other  technologies  from  lowest  to 

highest,  power  dissipation  results  in  the  following  order:  CCD,  NMOS  static, 

2 

I  L  dynamic,  and  NMOS  dynamic.  In  light  of  the  fact  that  the  NMOS  dynamic 

2 

RAM  is  a  12  Vclc  part  and  the  I  L  RAM  is  a  5  Vdc  part,  the  ranking  appears 
reasonable.  The  worst  case  power  dissipation  values  are  also  approximately 
the  manufacturer's,  or  MIL-M- 38510,  specified  maximum  values. 
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9.2  NOISE  MARGINS 

Results  of  the  noise  margin  calculations  are  shown  in  Table  9-2.  The 
static  RAM  typical  noise  margin  figures  were  computed  as  the  difference 
between  the  average  measured  values  of  threshold  voltages  and  output  voltages. 

is  the  difference  between  V-^q  and  V qL,  and  is  the  difference 
between  Vqh  and  Worst  case  values  of  static  RAM  noise  margins  were 

computed  using  the  mean  +3  sigma  values  yielding  the  minimum  noise  margin. 

The  same  general  technique  was  used  for  calculating  dynamic  RAM  noise  margins. 
However,  VgH  and  VqL  values  were  not  measured  and  the  manufacturer' s 
specified  maximum/minimum  values  of  Vqh  and  VqL  were  used  in  the  calcula¬ 
tions.  As  a  result,  the  calculated  TMS4050  and  93481  worst  case  noise  margins 
are  highly  pessimistic.  The  low  value  of  noise  margin  (0.06  volts)  for  the 
CMOS/SOS  memory  is  also  pessimistic,  and  is  attributed  to  the  apparent  large 
variation  (sigma  «  0.44  volt)  in  the  n-channel  threshold  voltage.  However, 
examination  of  the  n-channel  threshold  voltage  distribution  showed  that  most 
values  were  greater  than  one  volt.  Since  noise  margins  are  verified  implic¬ 
itly  by  performing  functional  tests  with  maximum/minimum  input  level  logic 
states,  additional  threshold  voltage  tests  are  not  required. 


9.3  DC  PARAMETER  TESTS 

The  selected  dc  parameter  tests  represent  the  minimum  set  of  tests  that 
can  be  performed  to  ensure  that  dc  parameters  are  within  specified  limits  at 
all  operating  conditions.  Additional  tests  at  other  voltage  and  current 
conditions  are  unnecessary  because  the  selected  voltage/current  conditions 
produce  the  worst  case  value  of  the  parameter  under  test.  The  selected 
sequence  of  performing  dc  tests  is  also  believed  to  be  optimum  since  tempera¬ 
ture  sensitive  parameters  are  measured  prior  to  performing  high  power  dis¬ 
sipating  measurements.  Thus,  test  time  is  not  wasted  waiting  for  the  device 
to  reach  thermal  equilibrium  after  a  high  power  measurement. 

In  general,  the  test  results  showed  that  the  distribution  of  most  param¬ 
eter  values  were  within  the  manufacturer's  limits,  and  tightened  limits  could 
be  incorporated  in  MIL-M-38510  specifications.  Only  one  instance  was  noted 
where  all  parts  exceeded  a  particular  parameter  limit.  This  was  the  TMS4050 
IDD (CEL )  parameter,  and  it  is  recommended  that  the  MIL-M-38510/235  specifi¬ 
cation  be  revised  to  reflect  the  results  of  this  characterization  study. 
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9.4  FUNCTIONAL  TEST  EFFECTIVENESS 

The  functional  test  data  was  analyzed  to  determine  the  relative 
2  3/2 

effectiveness  of  N  ,  N  '  and  N  type  patterns.  Two  criteria  were  used 

to  judge  the  effectiveness  of  each  pattern:  a)  the  ability  of  the  pattern  to 

detect  memory  defects,  and  b)  the  ability  of  the  pattern  to  produce  a  worst 

case  timing  parameter  measurement.  A  pattern  that  meets  both  criteria  is 

considered  to  be  the  most  effective  pattern.  Table  9-3  provides  a  summary  of 

the  percentage  of  functional  test  failures  detected  by  each  pattern.  Also 

shown  are  the  percentage  of  timing  parameter  test  failures  detected  by  each 

pattern.  With  one  exception,  the  percentage  of  failures  detected  by  N  type 

2  3/2 

patterns  was  equivalent  to  the  percentage  detected  by  N  ,  and  N  '  patterns. 

This  would  suggest  that  N  type  patterns  are  just  as  effective  as  N  patterns. 

Unfortunately  the  nature  of  the  device  defects  is  not  known,  and  there  may  be 

other  failure  modes  that  would  not  be  detected  by  the  N  type  patterns.  The 

MWS5501  and  CDP1821  CMOS/SOS  memory  failures  were  only  detected  by  a  single 
2 

N  pattern.  Thus,  the  results  of  this  study  are  not  considered  conclusive. 

2 

High  volume  electrical  test  results  containing  both  N  and  N  type  pattern 
data  should  be  examined  prior  to  forming  final  conclusions. 

Table  9-4  shows  the  pattern(s)  that  produced  the  worst  case  values  of 
timing  parameters.  With  the  exception  of  the  MWS5501  and  CDP1821  CMOS/SOS 
RAMs,  all  patterns  appeared  to  be  equally  effective  in  producing  worst  case 
values  of  timing  parameters.  The  Walking  pattern  was  clearly  the  most  effec¬ 
tive  pattern  for  the  MWS5501  and  CDP1821  CMOS/SOS  RAMs,  All  patterns  were 
equally  effective  for  the  TMS4050  and  93481  dynamic  RAMs,  with  less  than  2  nS 
pattern-rel ated  variation  in  timing  parameters.  The  Galwrt  and  Shifting 
Diagonal  pattern  were  slightly  less  effective  for  the  AM9140  than  the  other 
five  patterns. 

Discussions  with  the  manufacturers  concerning  patterns  used  during  their 
electrical  testing  revealed:  a)  both  dynamic  RAM  manufacturers  (TMS4050  and 
93481)  use  N2 t  N'^ ,  and  N  type  patterns,  b)  the  AM9140  manufacturer  uses 
only  N3/2  and  N  type  patterns,  and  c)  the  MWS5501  manufacturer  uses  only 

9  2 

N  ,  and  N  type  patterns.  Thus,  only  one  manufacturer  is  not  performing  N 

type  pattern  tests  on  a  100%  basis.  The  93481  manufacturer  is  currently 

2 

reviewing  his  data,  and  it  appears  that  N  tests  are  not  necessary. 
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2 

In  summary,  it  appears  that  N  type  tests  are  probably  unnecessary  for 

the  4K  bit  RAMs  included  in  this  characterization  program.  However,  a  Walking 

2 

(N  )  pattern  is  necessary  for  the  IK  bit  CMOS/SOS  RAM.  The  manufacturer  of 
2 

this  part  uses  an  N  pattern,  but  not  the  Walking  pattern.  The  necessity  for 
2 

N  patterns  to  detect  defects  in  other  memory  types  can  only  be  determined 

2  3/2 

from  comparative  tests  using  several  types  of  N  ,  N  '  ,  and  N  patterns. 
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9.5  TIMING  PARAMETERS 


Analysis  of  the  timing  parameter  data,  as  previously  mentioned,  showed 
little  dependence  on  the  pattern  used  during  the  measurements.  The  parameters 
were,  however,  dependent  upon  voltage  and  ambient  temperature.  Consequently, 
all  timing  parameter  measurements  were  made  at  the  voltage  condition  producing 
worst  case  timing  values.  Plots  of  the  average  values  of  access  and  refresh 
time  as  a  function  of  temperature  illustrated  the  temperature  dependence  of 
these  critical  timing  parameters.  Figure  9-1  is  a  plot  of  the  TMS4050  para¬ 
meters  versus  temperature,  and  shows  that  both  are  highly  temperature  dependent. 
The  worst  case  condition  for  both  parameters  occurs  at  the  upper  temperature 
extemes,  since  refresh  time  is  decreasing  and  access  time  is  increasing.  At 
85°C,  the  average  refresh  time  is  23  mS  and  the  access  time  is  173  nS. 

A  similar  plot  is  shown  in  Figure  9-2  for  the  93481  dynamic  RAM.  The 
refresh  time  characteristic  is  similar  to  the  TMS4050  dynamic  RAM,  but  the 
access  time  curve  indicates  little  variation  with  temperature. 

Plots  of  access  time  versus  temperature  for  the  static  RAMs  (AM9140  and 
MWS5501)  are  shown  in  Figures  9-3  and  9-4.  Both  memory  types  exhibit  tempera¬ 
ture  dependent  access  time  parameter.  The  effects  of  operating  voltage 
variations  on  MWS5501  access  time  is  also  clearly  evident  in  Figure  9-4. 

Access  time  at  the  low  voltage  condition  (4.75  Vdc)  is  approximately  twice  the 
high  voltage  (9.5  Vdc)  access  time. 


FIGURE  9-1.  TEXAS  INSTRUMENTS  TMS4050  AVERAGE  ADDRESS  ACCESS  TIME 
AND  AVERAGE  REFRESH  TIME  VERSUS  AMBIENT  TEMPERATURE 


COLUMN  ADDRESS  ACCESS  TIME 


FIGURE  9-2.  FAIRCHILD  93481 
AVERAGE  REFRESH 


AVERAGE  COLUMN  ADDRESS  ACCESS  TIME  AND 
TIME  VERSUS  AMBIENT  TEMPERATURE 
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3.  ADVANCED  MICRO  DEVICES  AM9140  AVERAGE  CHIP  ENABLE  ACCESS  TIME 
VERSUS  AMBIENT  TEMPERATURE 


-75  -25  25  75  125 


AMBIENT  TEMPERATURE  -  °C 


FIGURE  9-4.  RCA  MWS5501  AVERAGE  READ  ACCESS  TIME  VERSUS 
AMBIENT  TEMPERATURE 


10.0  MEMORY  CHARACTERIZATION  PHILOSOPHY 


The  basic  philosophy  used  for  this  memory  characterization  program  was 

similar  to  the  procedure  developed  in  previous  RADC  memory  characterization 

studies  [7],  Briefly  this  procedure  involved  checking  the  memory  for: 

a)  address  uniqueness,  b)  bit  independence,  c)  cell  integrity,  d)  intercell 

disturbance,  e)  data  retention  and  f)  the  ability  of  the  memory  to  recover 

from  various  read/write  sequences.  This  procedure  is  generally  accepted  and 

has  been  used  for  RAMs  with  memory  capacities  up  to  4K  bits.  Test  times 

using  this  procedure  become  prohibitive  for  memory  sizes  greater  than  4K  bits, 

2 

since  N  type  pattern  tests  are  required. 

The  results  of  this  characterization  program  showed  that,  where  pattern 

sensitivities  are  not  present,  N  type  pattern  tests  are  generally  as  effec- 
2 

tive  as  N  type  test.  Little  pattern  related  timing  variations  were  noted, 

and,  virtually  all  functional  failures  were  detected  with  an  N  type  pattern. 

Thus,  N  type  patterns  provide  a  high  test  confidence  level  for  memories 

2 

without  major  pattern  sensitivities.  However,  N  patterns  are  apparently 
still  required  to  detect  certain  anomalous  conditions  that  were  not  anticipated 
during  formulation  of  the  functional  test  pattern  set.  Hopefully  manufacturers 

have  gained  sufficient  experience  with  pattern  sensitivities  in  the  smaller 

2 

memories  to  avoid  the  problem  in  larger  memories,  and  the  absence  of  N 

3/2 

tests  will  not  degrade  the  test  confidence  levels  achieved  with  N  and  N  ' 
test  patterns. 
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11.0  CONCLUSIONS  AND  RECOMMENDATIONS 


LSI  memories  implemented  with  five  different  semiconductor  technologies 
were  electrically  characterized  as  a  function  of  temperature,  voltage  and 
pattern  sensitivity.  No  new  technology  related  characteristics  were  revealed 
that  would  limit  the  performance  characteristics  of  these  memories.  The 
CMOS/SOS  memory  was  the  only  device  to  exhibit  a  pattern  sensitivity,  but  this 
is  not  believed  to  be  related  to  the  CMOS/SOS  technology.  Only  the  two 
static  memory  types  ( NMOS  and  CMOS)  exhibited  the  capability  for  full  military 
temperature  range  operation,  and  the  85^  performance  of  the  CMOS/SOS  memory 
was  severely  degraded  (although  still  useful)  at  125^. 

.  -  " 

Studies  of  pattern  effectiveness  suggested  that  N  type  patterns  could  be 


used  for  electrical  characteri zation.  Except  where  ^Nj;  pattern  sensitivities 

are  present,  as  was  the  case  with  the  CMOS/SOS  RAM,  little  difference  was 

2 

observed  between  thef_N  and  N  functional  test  results.  Pattern  related 

timing  variations  were  also  negligible.  Although  efforts  were  made  to  identify 

N  or(N  '  type  patterns  that  would  detect  all  types  of  defects,  an(N  ^ 

pattern  sensitivity  was  detected  in  the  CMOS/SOS  RAM.  Without  specific  C* 

knowledge  of  the  nature  of  the  CMOS/SOS  RAM  deficiency,  it  is  apparent  that  x 
2 

N  tests  are  necessary  to  detect  these  types  of  RAM  deficiencies.  ^ 


It  is  recommended  that  future  electrical  characterization  studies  include 
provisions  for  determining  the  nature  of  observed  device  deficiencies.  ^ 
Discussions  with  the  manufacturer  are  helpful  in  some  instances,  but  are 
usually  not  specific  enough  to  aid  in  resolving  pattern  related  problems.  / 
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APPENDIX  A 


This  appendix  is  included  to  supply  various  details  of  the  Texas 
Instruments  TMS4050.  Figures  A1  and  A2  are  the  terminal  layout  and  the 
functional  block  diagram  of  the  device,  respectively.  The  Figure  A3  logic 
diagram,  the  Figure  A4  die  photograph,  the  Figure  A5  transistor  cell  structure 
and  the  bit  map  shown  in  Figure  A6  provide  even  greater  layout  and  function 
detail.  The  timing  requirements  for  the  read,  write,  and  read/modify/write 
cycles  are  provided  in  Figures  A7,  A8,  and  A9 ,  respectively.  Further  elec¬ 
trical  characteristics  are  shown  in  the  Figure  A10  and  All  photographs. 

Figure  A10  is  a  curve  tracer  photograph  of  1^  versus  \l^  and  Figure  All 
shows  several  waveforms  during  an  address  access  time  cycle. 

In  addition,  two  tables  have  been  included  in  this  appendix  to  supplement 
the  discussion  of  this  device  in  the  report.  Table  A1  provides  a  list  of  the 
symbols  and  their  definitions  that  are  applicable  to  this  device.  Table  A2 
lists  the  algorithms  used  in  this  study  of  the  TMS4050. 
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a)  CROSS  SECTION 
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b)  SCHEMATIC 


FIGURE  AS.  SINGLE  TRANSISTOR  CELL  STRUCTURE 
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FIGURE  A6 .  BIT  MAP 


a)  TIMING  DIAGRAM 


SYMBOL 

PARAMETER 

LIMITS 

UNITS 

tc(rd) 

Read  cycle  time 

470 

n 

s 

lw(CEH) 

Pulse  width,  chip  enable  high 

300 

4000 

tw(CEL) 

Pulse  width,  chip  enable  low 

130 

lr(CE) 

Chip-enable  rise  time 

40 

tf(CE) 

Chip-enable  fall  time 

40 

tsu(ad) 

Address  setup  time 

0 

tsu(rd) 

Read  setup  time 

0 

th(ad) 

Address  hold  time 

150 

lh(rd) 

Read  hold  time 

40 

ta(CE) 

Access  t'me  from  chip  enable 

280 

ta(ad) 

Access  time  from  addresses 

300 

Propagation  delay  time,  lo*.'-Co-high 

40 

n 

s 

level  output  from  chip  enable 

b)  TIMING  TEST  CONDITIONS 


FIGURE  A7 .  READ  CYCLE  TIMING  DIAGRAM  AND  TEST  CONDITIONS 


SYMBOL 

LIMITS 

tc(wr) 

Write  cycle  time 

470 

lw(CEH) 

Pulse  width,  chip  enable  high 

BOO 

4000 

lw( CEL ) 

Pulse  width,  chip  enable  low 

130 

*w(wr) 

Write  pulse  width 

200 

Mce) 

Chip-enable  rise  time 

40 

^(CE) 

Chip-enable  fall  time 

40 

tsu(ad) 

Address  setup  time 

0 

*su(da-wr) 

Data-to-write  setup  time 

0 

tsu(wr) 

Write-pulse  setup  time 

240 

^d(CEH-wr) 

Chip-enable-high-to-write  delay  time 

40 

th(ad) 

Address  hold  time 

150 

th(da) 

Data  hold  time 

40 

b)  TIMING  TEST  CONDITIONS 

FIGURE  A8.  WRITE  CYCLE  TIMING  DIAGRAM  AND  TEST  CONDITIONS 
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REGION  1  REGION  2 


REGION  1  -  In  region  1.  data-out  it  valid  until  th«  I/O  HHGION  2  -  In  region  2  c  tingle  tamition  it  permitted. 

terminal  it  forced  high  or  low  by  the  data-in  It  it  NOT  e  true  'Don't  Cere"  region. 

driver  A  tremition  from  low  to  high  it  ff  ,  |© „  „  to  be  written  it  mutt  be  valid  by 

pertmittible  but  additional  power  to  overcome  the  end  of  region  2. 

the  output  buffer  will  be  required.  A  transition 

from  high  to  low  it  permitted  without  power 

penalty 

a)  TIMING  DIAGRAM 


SYMBOL 

PARAMETER 

LIMITS 

UNITS 

U 

tc(RMW) 

Read,  modify  write  cycle  time 

730 

n 

s 

lw(CEH) 

Pulse  width,  chip  enable  high 

560 

4000 

lw(CEL) 

Pulse  width,  chip  enable  low 

130 

{w(wr) 

Write  pulse  width 

200 

Mce> 

Chip-enable  rise  time 

40 

Vice) 

Chip-enable  fall  time 

40 

*d(wr-daL) 

Write  to  data-in-low  delay  time 

20 

Vufad) 

Address  setup  time 

0 

VuldaH) 

Data-in-high  setup  time 

240 

Vu(rd) 

Read-pulse  setup  time 

0 

t.  /  _X 

Write-pulse  setup  time 

240 

su(wr) 

Vfad) 

Address  hold  time 

ISO 

lh(rd) 

Read  hold  time 

300 

th(da) 

Data  hold  time 

40 

b)  TIMING  TEST  CONDITIONS 

FIGURE  A9.  READ/MODIFY/WRITE  CYCLE  TIMING  DIAGRAM  AND  TEST  CONDITIONS 


ALO 


50  mA/DIV 


2  VOLTS/DIV 


FIGURE  A10.  TYPICAL  I 


CURRENT  FROM  Vnn  SUPPLY 


11.4  VOLTS,  V 


5.5  VOLTS 


FIGURE  All.  TIMING  WAVEFORMS  FOR  TYPICAL  ADDRESS  ACCESS  TIME  (t 
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TABLE  Al.  SYMBOLS  AND  DEFINITIONS 


SYMBOL 

DEFINITION 

VDD 

Supply  voltage 

VSS 

Common  voltage  node 

VBB 

Supply  voJbage,  substrate 

CE 

Chip  enable 

I/O 

Input/Output 

AO  thru  AIT  or  ad 

Address  input 

R/ff 

Read  or  write  input 

!il 

Low  level  input  current 

!ih 

High  level  input  current 

!DD 

Supply  current  from  supply 

!bb 

Supply  current  from  VBB  supply 

VOL 

Low  level  output  voltage 

VOH 

High  level  output  voltage 

*c 

Cycle  time 

Access  time 

VTH 

Threshold  voltage 

*h 

Hold  time 

*w 

Pulse  width 

CE-wr 

CE  high  to  write  delay  time 

CE-dal 

Chip  enable  to  data  low 

da 

data 

rd 

read 

wr 

write 

RMW 

Read/Modify/Write 

*plh 

Propagation  delay  time 

ALGORITHM 

GALPAT 


GALWRT 


WALKING 


ROWPAT 


TABLE  A2.  ALGORITHMS  AND  DESCRIPTIONS 


DESCRIPTION 

A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Write  a  "I"  (test  bit)  at  the  first  location. 

C.  Read  location  in  sequence:  read  location  2,  read  test 
bit,  read  location  3,  read  test  bit.  Read  in  sequence 
until  every  location  is  read  with  test  bit  location. 

D.  Move  the  test  bit  to  second  location  and  repeat  the 
sequence  in  step  C. 

E.  Repeat  the  sequence  until  each  cell  is  used  as  test  bit 
location. 


A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Write  a  "1"  into  the  background  cell  and  read  a  "0" 
from  the  test  bit  cell . 

C.  Repeat  the  sequence  with  the  same  test  bit  cell  but 
the  next  background  cell.  Continue  until  entire  memory 
is  sequenced. 

D.  Move  test  bit  to  next  location  and  start  sequence  again. 

E.  Repeat  sequence  until  each  cell  is  used  as  test  bit 
location. 


A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Write  a  "1"  at  the  first  cell  (test  bit). 

C.  Read  the  entire  memory. 

D.  Complement  the  "1"  at  the  first  cell  and  write  a  "1" 
into  cell  2  (new  test  bit). 

E.  Read  the  entire  memory. 

F.  Repeat  the  sequence  until  each  cell  is  used  as  test 
bit  location. 

G.  Repeat  steps  B  through  F  with  a  background  pattern  of 
"Is"  throughout  memory. 

A.  Write  a  background  pattern  of  "Os"  for  the  first  row. 

B.  Write  a  "1"  at  the  first  location  (test  bit). 

C.  Read  location  in  sequence:  read  location  2,  read  test 
bit,  read  location  3,  read  test  bit.  Read  until  all 
64  locations  in  row  is  checked  with  the  test  bit. 

D.  Move  the  test  bit  to  second  location  and  repeat  the 
sequence  in  step  C. 

E.  Repeat  the  sequence  until  each  cell  in  the  first  row  is 
used  as  test  bit  location. 

F.  Increment  until  all  rows  are  completed. 

G.  Repeat  steps  B  through  F  with  a  background  pattern  of 
"Is"  throughout  memory. 


A13 


TABLE  A2.  ALGORITHMS  AND  DESCRIPTIONS  (CONT.) 


MARCH 


SHIFTING 


ADDCOMP 


REFRESH 


A. 

B. 

C. 

D. 

DIAGONAL  A. 

B. 


C. 

D. 

E. 

F. 

A. 


B. 


C. 


A. 


B. 

C. 

D. 

E. 

F. 


Write  a  background  pattern  of  "Os"  throughout  memory. 
Incrementing  from  address  0  to  address  4095,  read  a 
"0"  and  write  a  "1"  into  each  cell. 

Incrementing  from  address  4095  to  address  0,  read  an 
"1"  and  write  an  "0"  into  each  cell. 

Repeat  steps  B  and  C  with  a  background  pattern  of 
"Is"  throughout  memory. 

Write  a  background  of  "Os"  with  a  diagonal  stripe  of 
"is". 

Read  the  pattern  incrementing  the  address  by  one 
each  time. 

Shift  the  stripe  right  one  time. 

Read  out  the  pattern  incrementing  the  address  by  one 
each  time. 

Repeat  steps  B  through  D  until  the  stripe  has  been 
sniffed  64  times  and  the  pattern  read  out  each  time. 
Repeat  steps  B  through  E  with  a  background  of  "Is" 
with  a  diagonal  stripe  of  "Os". 

Write  an  alternate  pattern  of  "Os"  and  "Is"  throughout 
memory . 

Verify  each  location  by  the  address  sequence:  address, 
address  complement,  address,  address  +1,  etc. 

Read  out  data  pattern  from  memory. 

Write  data  (Alternating  field  of  l's  and  0 ' s )  throughout 
memory. 

Pause  for  the  maximum  specified  refresh  time. 

Read  out  the  pattern. 

Write  the  complement  pattern  throughout  memory. 

Pause  for  the  maximum  specified  refresh  time. 

Read  out  the  complement  pattern. 
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This  appendix  is  included  to  supply  various  details  of  the  Advanced 
Micro  Devices  AM9140.  Figures  B1  and  B2  are  the  terminal  layout  and  the 
functional  block  diagram  of  the  device,  respectively.  The  Figure  B3  logic 
diagram,  the  Figure  B4  die  photograph,  the  Figure  B5  cell  schematic  and  topology, 
and  the  bit  map  shown  in  Figure  B6  provide  even  greater  layout  and  function 
detail.  The  timing  requirements  for  the  read,  write,  and  read/modify/write 
cycles  are  provided  in  Figures  B7,  B8,  and  B9,  respectively.  Further  elec¬ 
trical  characteristics  are  shown  in  the  Figure  BIO  and  Bll  photographs. 

Figure  BIO  is  a  curve  tracer  photograph  of  IC(,  versus  and  Figure  Bll 
shows  several  waveforms  during  a  chip  enable  access  time  cycle. 

In  addition,  two  tables  have  been  included  in  this  appendix  to  supplement 
the  discussion  of  this  device  in  the  report.  Table  B1  provides  a  list  of  the 
symbols  and  their  definitions  that  are  applicable  to  this  device.  Table  B2 
lists  the  algorithms  used  in  this  study  of  the  AM9140. 
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FIGURE  B5.  CELL  TOPOLOGY  AND  SCHEMATIC 
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FIGURE  87.  READ  CYCLE  1  TIMING  DIAGRAM  AND  TEST  CONDITIONS 
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TABLE  Bl.  SYMBOLS  AND  DEFINITIONS 


SYMBOL  DEFINITION 


'CC 

VSS 

CE 

CS 

WE 

OE 

00 

01 

DO 

MS 

AO  THRU  All 

'lH 

!OHZ 


I 


OLZ 


‘CC 

V0H 

V 

VIH 

VIL 

lRC 


lCF 

lC0 

tDM 

S 

*WC 

*ww 

lDS 

tDH 

tRMWC 

t0V 

tEH 

*EL 


SUPPLY  VOLTAGE 
COWION  VOLTAGE  NODE 
CHIP  ENABLE  INPUT 
CHIP  SELECT  INPUT 
WRITE  ENABLE  INPUT 
OUTPUT  ENABLE 
OUTPUT  DISABLE 
DATA  INPUT 
DATA  OUTPUT 
MEMORY  STATUS  OUTPUT 
ADDRESS  INPUT 
HIGH  LEVEL  INPUT  CURRENT 

HIGH  IMPEDANCE  STATE,  HIGH  LEVEL 
OUTPUT  CURRENT 

HIGH  IMPEDANCE  STATE,  LOW  LEVEL 
OUTPUT  CURRENT 

SUPPLY  CURRENT  FROM  VC(.  SUPPLY 
HIGH  LEVEL  OUTPUT  VOLTAGE 
LOW  LEVEL  OUTPUT  VOLTAGE 
HIGH  LEVEL  INPUT  VOLTAGE 
LOW  LEVEL  INPUT  VOLTAGE 
READ  CYCLE  TIME 

ACCESS  TIME  (CE  TO  OUTPUT  VALID  DELAY) 

OE/OD  TO  OUTPUT  OFF  DELAY 

OE/OD  TO  OUTPUT  ON  DELAY 

DATA  OUT  TO  MEMORY  STATUS  DELAY 

INTERNAL  PRESET  INTERVAL 

WRITE  CYCLE 
WRITE  PULSE  WIDTH 
INPUT  DATA  SETUP  TIME 
INPUT  DATA  HOLD  TIME 
R/M/W  CYCLE  TIME 
DATA  VALID  AFTER  WRITE  DELAY 
CHIP  ENABLE  HIGH  TIME 
CHIP  ENABLE  LOW  TIME 
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TABLE  B2.  ALGORITHMS  AND  DESCRIPTIONS 


ALGORITHM 

GALPAT 


GALWRT 


WALKING 


ROWPAT 


DESCRIPTION 


A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Write  a  "I"  (test  bit)  at  the  first  location. 

C.  Read  location  In  sequence:  read  location  2,  read  test 
bit,  read  location  3,  read  test  bit.  Read  in  sequence 
until  every  location  is  read  with  test  bit  location. 

D.  Move  the  test  bit  to  second  location  and  repeat  the 
sequence  in  step  C. 

E.  Repeat  the  sequence  until  each  cell  is  used  as  test  bit 
location. 


A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Write  a  "1"  into  the  background  cell  and  read  a  "0,r 
from  the  test  bit  cell . 

C.  Repeat  the  sequence  with  the  same  test  bit  cell  but 
the  next  background  cell.  Continue  until  entire  memory 
is  sequenced. 

D.  Move  test  bit  to  next  location  and  start  sequence  again. 

E.  Repeat  sequence  until  each  cell  is  used  as  test  bit 
location. 


A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Write  a  "1"  at  the  first  cell  (test  bit). 

C.  Read  the  entire  memory. 

D.  Complement  the  "1"  at  the  first  cell  and  write  a  "1" 
into  cell  2  (new  test  bit). 

E.  Read  the  entire  memory. 

F.  Repeat  the  sequence  until  each  cell  is  used  as  test 
bit  location. 

G.  Repeat  steps  B  through  F  with  a  background  pattern  of 
"Is"  throughout  memory. 

A.  Write  a  background  pattern  of  "Os"  for  the  first  row. 

B.  Write  a  "1"  at  the  first  location  (test  bit). 

C.  Read  location  in  sequence:  read  location  2,  read  test 
bit,  read  location  3,  read  test  bit.  Read  until  all 
64  locations  in  row  is  checked  with  the  test  bit. 

0.  Move  the  test  bit  to  second  location  and  repeat  the 
sequence  in  step  C. 

E.  Repeat  the  sequence  until  each  cell  in  the  first  row  is 
used  as  test  bit  location. 

F.  Increment  until  all  rows  are  completed. 

G.  Repeat  steps  B  through  F  with  a  background  pattern  of 
"Is"  throughout  memory. 
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TABLE  B2.  ALGORITHMS  AND  DESCRIPTIONS  (CONT.) 


MARCH 


SHIFTING 


ADDCOMP 


A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Incrementing  from  address  0  to  address  4095,  read  a 
"0"  and  write  a  "1"  into  each  cell. 

C.  Incrementing  from  address  4095  to  address  0,  read  an 
"1“  and  write  an  "0"  into  each  cell. 

D.  Repeat  steps  B  and  C  with  a  background  pattern  of 
“Is"  throughout  memory. 


DIAGONAL 


A.  Write  a  background  of  "Os"  with  a  diagonal  stripe  of 
"Is". 

B.  Read  the  pattern  Incrementing  the  address  by  one  each 
time. 

C.  Shift  the  stripe  right  one  time. 

D.  Read  out  the  pattern  incrementing  the  address  by  one 
each  time. 

E.  Repeat  steps  B  through  D  until  the  stripe  has  been 
shifted  64  times  and  the  pattern  read  out  each  time. 

F.  Repeat  steps  B  through  E  with  a  background  of  "Is" 
with  a  diagonal  stripe  of  ”0s". 


A.  Write  an  alternate  pattern  of  "Os"  and  "Is"  through¬ 
out  memory. 

B.  Verify  each  location  by  the  address  sequence:  address, 
address  complement,  address,  address  +  1,  etc. 

C.  Read  out  data  pattern  from  memory. 
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APPENDIX  C 


This  appendix  is  included  to  supply  various  details  of  the  RCA  MWS5501. 
Figures  Cl  and  C2  are  the  terminal  layout,  arid  the  functional  block  diagram  of 
the  device,  respectively.  The  Figure  C.i  logic  diagram,  the  Figure  C4  die 
photograph,  the  Figure  C5  cell  structure  and  partial  cross  section,  and  the 
bit  map  shown  in  Figure  C6  provide  even  greater  layout  and  function  detail. 

The  timing  requirements  for  the  read,  write,  and  read/modi fy/write  cycles  are 
provided  in  Figures  C7,  C8,  and  C9S  respect i vely .  Further  electrical  charac¬ 
teristics  are  shown  in  the  Figure  CIO,  Cll  and  C12  photographs.  Figure  CIO  is 
a  curve  tracer  photograph  of  I[)D  versus  VDQ  arid  Figures  Cll  and  Cl 2  show  several 
waveforms  during  a  read  access  time  cycle  with  different  VQD  voltages. 

In  addition,  two  tables  have  been  included  in  this  appendix  to  supplement 
the  discussion  of  this  device  in  the  report.  Table  Cl  provides  a  list  of  the 
symbols  and  their  definitions  that  are  applicable  to  this  device.  Table  C2 
lists  the  algorithms  used  in  this  study  of  the  MWS5501. 
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FIGURE  C3 .  LOGIC  DIAGRAM 
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FIGURE  C5.  CELL  STRUCTURE  AND  PARTIAL  CROSS  SECTION 
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HGURE  C7.  READ  CYCLE  TIMING  DIAGRAM  AND  TEST  CONDITIONS 
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b)  TIMING  TEST  CONDITIONS 


FIGURE  C8.  WRITE  CYCLE  TIMING  DIAGRAM  AND  TEST  CONDITION 
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TABLE  Cl.  SYMBOLS  AND  DEFINITIONS 


SYMBOL 


CS 


DI 

00 

AO  THRU  A9 
R/W 

VIC(POS) 

VIC{NEG) 

V0H 


"OL 

!IH 

JIL 

!dd 

VTHN 

VTHP 

*RC 

SlC 

*MC 

*RA 

hn 

*DIS 


t 

t 


DS 

OH 


DEFINITION 
SUPPLY  VOLTAGE 
COMMON  VOLTAGE  NODE 
CHIP  SELECT 
DATA  IN 
DATA  OUT 
ADDRESS  INPUT 
READ  OR  WRITE  INPUT 
INPUT  CLAMP  VOLTAGE.  POSITIVE 
INPUT  CLAMP  VOLTAGE.  NEGATIVE 
HIGH  LEVEL  OUTPUT  VOLTAGE 
LOW  LEVEL  OUTPUT  VOLTAGE 
HIGH  LEVEL  INPUT  CURRENT 
LOW  LEVEL  INPUT  CURRENT 
SUPPLY  CURRENT  FROM  V0Q  SUPPLY 
THRESHOLD  VOLTAGE 
THRESHOLD  VOLTAGE 
READ  CYCLE  TIME 
WRITE  CYCLE  TIME 
READ/MODIFY/WRITE  CYCLE  TIME 
READ  ACCESS  TIME 
OUTPUT  ENABLE  TIME 
OUTPUT  DISABLE  TIME 
WRITE  PULSE  WIDTH 
INPUT  DATA  SETUP  TIME 
INPUT  DATA  HOLD  TIME 
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TABLE  C2.  ALGORITHMS  AND  DESCRIPTIONS 


ALGORITHM 

GALPAT 


GALWRT 


WALKING 


ROWPAT 


DESCRIPTION 


A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Write  a  ”1"  (test  bit)  at  the  first  location. 

C.  Read  location  in  sequence:  read  location  2,  read  test 
bit,  read  location  3,  read  test  bit.  Read  in  sequence 
until  every  location  is  read  with  test  bit  location. 

0.  Move  the  test  bit  to  second  location  and  repeat  the 
sequence  in  step  C. 

E.  Repeat  the  sequence  until  each  cell  is  used  as  test  bit 
location. 

F.  Repeat  steps  B  through  E  with  a  background  pattern  of 
"Is"  throughout  memory. 

A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Write  a  "1"  into  the  background  cell  and  read  a  “0" 
from  the  test  bit  cell. 

C.  Repeat  the  sequence  with  the  same  test  bit  cell  but 
the  next  background  cell.  Continue  until  entire  memory 
is  sequenced. 

D.  Move  test  bit  to  next  location  and  start  sequence  again. 

E.  Repeat  sequence  until  each  cell  is  used  as  test  bit 
location. 

F.  Repeat  steps  B  through  E  with  a  background  pattern  of 
"Is"  throughout  memory. 

A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Write  a  "1"  at  the  first  cell  (test  bit). 

C.  Read  the  entire  memory. 

D.  Complement  the  "1"  at  the  *irst  cell  and  write  a  "1" 
into  cell  2  (new  test  bit). 

E.  Read  the  entire  memory. 

F.  Repeat  the  sequence  until  each  cell  is  used  as  test 
bit  location. 

G.  Repeat  steps  B  through  F  with  a  background  pattern  of 
"Is"  throughout  memory. 

A.  Write  a  background  pattern  of  "Os"  for  the  first  row. 

B.  Write  a  "1"  at  the  first  location  (test  bit). 

C.  Read  location  In  sequence:  read  location  2,  read  test 
bit,  read  location  3,  read  test  bit.  Read  until  all 
32  locations  in  row  is  checked  with  the  test  bit. 

0.  Move  the  test  bit  to  second  location  and  repeat  the 
sequence  in  step  C. 

E.  Repeat  the  sequence  until  each  cell  in  the  first  row  is 
used  as  test  bit  location. 

F.  Increment  until  all  rows  are  completed. 

G.  Repeat  steps  B  through  F  with  a  background  pattern  of 
”ls"  throughout  memory. 
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TABLE  C2.  ALGORITHMS  AND  DESCRIPTIONS  (CONT.) 


MARCH 


SHIFTING 

DIAGONAL 


ADDCOMP 


A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Incrementing  from  address  0  to  address  1023  read  a 
"0"  and  write  a  "1"  into  each  cell. 

C.  Incrementing  from  address  1023  to  address  0,  read  an 
"1"  and  write  an  "0"  into  each  cell. 

D.  Repeat  steps  B  and  C  with  a  background  pattern  of 
"Is"  throughout  memory. 

A.  Write  a  background  of  "Os"  with  a  diagonal  stripe  of 
"Is". 

B.  Read  the  pattern  incrementing  the  address  by  one  each 
time. 

C.  Shift  the  stripe  right  one  time. 

D.  Read  out  the  pattern  incrementing  the  address  by  one 
each  time. 

E.  Repeat  steps  B  through  D  until  the  stripe  has  been 
shifted  32  times  and  the  pattern  read  out  each  time. 

F.  Repeat  steps  B  through  E  with  a  background  of  "Is" 
with  a  diagonal  stripe  of  "Os". 

A.  Write  an  alternate  pattern  of  "Os"  and  "Is"  throughout 
memory. 

B.  Verify  each  location  by  the  address  sequence:  address, 
address  complement,  address,  address  +  1,  etc. 

C.  Read  out  data  pattern  from  memory. 
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APPENDIX  D 
P/N  93481 

4096  BIT  DYNAMIC  RANDOM  ACCESS  MEMORY 


APPENDIX  D 


This  appendix  is  included  to  supply  various  details  of  the  Fairchild 
93431.  Figures  D1  and  D2  are  the  terminal  layout  and  the  functional  block 
diagram  of  the  device,  respectively.  The  Figure  D3  die  photograph,  the  Figure 
D4  transistor  cell  structure  and  the  bit  map  shown  in  Figure  D5  provide  even 
greater  layout  and  function  detail.  The  timing  requirements  for  the  read, 
write,  and  read/modify/write  cycles  are  provided  in  Figures  D6,  D7,  and  D8, 
respectively.  Further  electrical  characteri sties  are  shown  in  the  Figure  D9 
and  DIO  photographs.  Figure  D9  is  a  curve  tracer  photograph  of  versus 
VC£  and  Figure  DIO  shows  several  waveforms  during  a  column  address  access 
time  cycle. 

In  addition,  two  tables  have  been  included  in  this  appendix  to  supplement 
the  discussion  of  this  device  in  the  report.  Table  D1  provides  a  list  of  the 
symbols  and  their  definitions  that  are  applicable  to  this  device.  Table  D2 
lists  the  algorithms  used  in  this  study  of  the  93481. 
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FIGURE  02.  FUNCTIONAL  BLOCK  DIAGRAM 
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FIGURE  D6.  READ  CYCLE  TIMING  DIAGRAM  AND  TEST  CONDITIONS 
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8 


AOOftCtt 


COLUMM  AOOMSS 


I 


stmool 

PARAMETER 

LIMITS 

UNITS 

MIN 

MAX 

MULTIPLEX 

lAS 

Row  address  setup  time 

0 

n 

s 

lAH 

Row  address  hold  time 

50 

*TA 

AE  active  time 

165 

lTR 

AE  recovery  time 

135 

n 

s 

lRMWC 

Read/modify/write  cycle  time 

<15 

n 

s 

£caa 

Column  address  access  time 

100 

lCSA 

Chip  select  access  time 

50 

£W 

Write  pulse  width 

40 

tWHT 

AE  hold  time  after  wF 

60 

:WSDE 

Data  in  setup  time  before  end  of  WE 

50 

lWHD 

Oata  in  hold  time  after  S7F 

20 

Sis 

Output  disable  time  after  wF 

35 

lWR 

Output  recovery  time  after  wF 

40 

lRC 

Row  column  address  change  time 

20 

tM00 

Oata  modify  time 

0 

t/REF 

Refresh  time 

2 

nS 

b)  TIMING  Tt ST  CONDITIONS 


HuUKL  Do.  KtAU/MUUlT  Y/U'IU  Tt  TIM  No  DIAGRAM  mi.D  TtST  CONDITIONS 


50  mA/DIV 


1.0  VOLT/DIV. 

70  mA  AT  Vrr  =  5V 


FIGURE  09.  TYPICAL  Irr  CURRENT  FROM  Vrr  SUPPLY 


4.75  VOLTS 


FIGURE  DIO.  TIMING  WAVEFORMS  FOR  COLUMN  ADDRESS  ACCESS  TIME  (trflfl) 


TABLE  01.  SYMBOLS  AND  DEFINITIONS 


SYMBOLS 

vcc 

GND 

Ao  THRU  A6 

CS 

LE 

AE 

wF 

°IN 

dout 

VOH 

VOL 

VIC(NEG) 

VTH1 

VTHO 

!IH 

!il 

10HZ 

!olz 

!cc 

*CAA 

Si 

*AS 

Sh 

SfSDE 

Sjhd 

lREF 


DEFINITIONS 
SUPPLY  VOLTAGE 
GROUND 

ADDRESS  INPUT 
CHIP  SELECT  INPUT 
LATCH  ENABLE  INPUT 
ADDRESS  ENABLE  INPUT 
WRITE  ENABLE  INPUT 
DATA  INPUT 
DATA  OUTPUT 

HIGH  LEVEL  OUTPUT  VOLTAGE 

LOW  LEVEL  OUTPUT  VOLTAGE 

INPUT  CLAMP  VOLTAGE 

THRESHOLD  VOLTAGE  ^ 

THRESHOLD  VOLTAGE 

HIGH  LEVEL  INPUT  CURRENT 

LOW  LEVEL  INPUT  CURRENT 

HIGH  IMPEDANCE  STATE, 

HIGH  LEVEL  OUTPUT  CURRENT 

HIGH  IMPEDANCE  STATE, 

LOW  LEVEL  OUTPUT  CURRENT 

SUPPLY  CURRENT  FROM  Vcc  SUPPLY 

COLUMN  ADDRESS  ACCESS  TIME 

WRITE  PULSE  WIDTH 

ROW  ADDRESS  SET  UP  TIME 

ROW  ADDRESS  HOLD  TIME 

DATA-IN  SET  UP  TIME 

DATA-IN  HOLD  TIME 

REFRESH  TIME 


Dll 


ALGORITHM 

GALPAT 


GALWRT 


WALKING 


ROWPAT 


-i  -  .  . 


TABLE  02.  ALGORITHMS  AND  DESCRIPTIONS 


DESCRIPTION 


A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Write  a  "1“  (test  bit)  at  the  first  location. 

C.  Read  location  in  sequence:  read  location  2,  read  test 
bit,  read  location  3,  read  test  bit.  Read  in  sequence 
until  every  location  is  read  with  test  bit  location. 

D.  Move  the  test  bit  to  second  location  and  repeat  the 
sequence  in  step  C. 

E.  Repeat  the  sequence  until  each  cell  Is  used  as  test  bit 
location. 

F.  Repeat  steps  B  through  E  with  a  background  pattern  of 
"Is"  throughout  memory. 

A.  Write  a  background  pattern  of  "Os11  throughout  memory. 

B.  Write  a  "1"  into  the  background  cell  and  read  a  "0" 
from  the  test  bit  cell . 

C.  Repeat  the  sequence  with  the  same  test  bit  cell  but 
the  next  background  cell.  Continue  until  entire  memory 
is  sequenced. 

D.  Move  test  bit  to  next  location  and  start  sequence  again. 

E.  Repeat  sequence  until  each  cell  is  used  as  test  bit 
location. 

F.  Repeat  steps  B  through  E  with  a  background  pattern  of 
"Is"  throughout  memory. 

A.  Write  a  background  pattern  of  "Os"  throughout  memory. 

B.  Write  a  "1"  at  the  first  cell  (test  bit). 

C.  Read  the  entire  memory. 

D.  Complement  the  "1"  at  the  first  cell  and  write  a  "1" 
into  cell  2  (new  test  bit). 

E.  Read  the  entire  memory. 

F.  Repeat  the  sequence  until  each  cell  is  used  as  test 
bit  location. 

G.  Repeat  steps  B  through  F  with  a  background  pattern  of 
"Is"  throughout  memory. 

A.  Write  a  background  pattern  of  "Os"  for  the  first  row. 

B.  Write  a  "1"  at  the  first  location  (test  bit). 

C.  Read  location  in  sequence:  read  location  2,  read  test 
bit,  read  location  3,  read  test  bit.  Pead  until  all 
128  locations  in  row  is  checked  with  the  test  bit. 

0.  Move  the  test  bit  to  second  location  and  repeat  the 
sequence  in  step  C. 

E.  Repeat  the  sequence  until  each  cell  in  the  first  row  is 
used  as  test  bit  location. 

F.  Increment  until  all  rows  are  completed. 

G.  Repeat  steps  B  through  F  with  a  background  pattern  of 
"Is”  throughout  memory. 
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TABLE  D2.  ALGORITHMS  AND  DESCRIPTIONS  (CONT.) 


MARCH  A.  Write  a  background  pattern  of  “Os"  throughout  memory. 

B.  Incrementing  from  address  0  to  address  4095,  read  a 
"0"  and  write  a  "1"  Into  each  cell. 

C.  Incrementing  from  address  4095  to  address  0,  read  a 
"1“  and  write  an  "0"  Into  each  cell. 

D.  Repeat  steps  B  and  C  with  a  background  pattern  of 
“Is"  throughout  memory. 

Write  a  background  of  "Os"  with  a  diagonal  stripe  of 
"Is". 

Read  the  pattern  Incrementing  the  address  by  one  each 
time. 

Shift  the  stripe  right  one  time. 

Read  out  the  pattern  incrementing  the  address  by  one 
each  time. 

Repeat  steps  B  through  D  until  the  stripe  has  been 
shifted  128  times  and  the  pattern  read  out  each  time. 
Repeat  steps  B  through  E  with  a  background  of  "Is" 
with  a  diagonal  stripe  of  "Os". 

ADDCOMP  A.  Write  an  alternate  pattern  of  "Os"  and  "Is"  throughout 

memory. 

B.  Verify  each  location  by  the  address  sequence:  address, 
address  complement,  address,  address  +  1,  etc. 

C.  Read  out  data  pattern  from  memory. 

REFRESH  A.  Write  data  (Alternating  field  of  l's  and  0's)  throughout 

memory. 

B.  Pause  for  the  maximum  specified  refresh  time. 

C.  Read  out  the  pattern. 

0.  Write  the  complement  pattern  throughout  memory. 

E.  Pause  for  the  maximum  specified  refresh  time. 

F.  Read  out  the  complement  pattern. 


SHIFTING  A. 

DIAGONAL 

B. 

C. 

D. 

E. 

F. 
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APPENDIX  E 


P/N  CCD450 

9216  BIT  DYNAMIC  SHIFT  REGISTER  MEMORY 


APPENDIX  E 


This  appendix  is  included  to  supply  various  details  of  the  Fairchild 
CCD450.  Figures  El  and  E2  are  the  terminal  layout  and  the  functional  block 
diagram  of  the  device,  respectively.  The  Figure  E3  die  photograph  and  the  bit 
map  shown  in  Figure  E4  provide  even  greater  layout  and  function  detail.  The 
timing  requirements  for  the  read,  write,  and  read/modify/write  cycles  are 
provided  in  Figures  E5,  E6,  and  E7,  respectively.  Further  electrical  charac¬ 
teristics  are  shown  in  the  Figure  E8  photograph  of  several  waveforms  during 
a  read  access  time  cycle. 

In  addition,  two  tables  have  been  included  in  this  appendix  to  supplement 
the  discussion  of  this  device  in  the  report.  Table  El  provides  a  list  of  the 
symbols  and  their  definitions  that  are  applicable  to  this  device.  Table  E2 
lists  the  algorithms  used  in  this  study  of  the  CCD450. 


JRE  El.  TERMINAL  CONNECTION 


FIGURE  L2.  FUNCTIONAL  BLOCK  DIAGRAM 


E3 


FIGURE  E3.  DIE  PHOTOGRAPH 


FIGURE  E4.  BIT  MAP 
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CCD450 

SYMBOL 

PARAMETER 

MIN 

MAX 

'*1RWC 

4  Clock  HIGH  Time  in  the 

Read,  Write  &  Recirculate  Modes 

200 

500 

*42 

4  2  Clock  HIGH 

100 

500 

Hu 

Underlap  1 

20 

200 

Underlap  2 

20 

9480 

lRA 

Read  Access 

180 

ZRP 

Read  Persistence  Time 

0 

*rl 

4  ^  Rise  Time 

50 

60 

Cr2 

4  2  Rise  Time 

50 

‘f 

4  1  (,  4^  Fall  Time 

50 

f 

Clock  Rate 

0.1 

1.0 

b)  TIMING  TEST  CONDITIONS 

FIGURE  E5.  READ  CYCLE  TIMING  DIAGRAM  AND  TEST  CONDITIONS 


SYMBOL 

PARAMETER 

CCD450 

UNITS 

MIN 

MAX 

C«iKVC 

<*.  Clock  HIGH  Time  In  the  Read, 

200 

500 

Write  end  Recirculate  Modes 

m 

l*2 

d>2  Clock  HIGH 

100 

500 

■ 

Njl  1UL1 

Underlap  1 

20 

200 

UL  cuu 

Underlap  2 

20 

9480 

1  1 

tsw 

Write  Set-up 

100 

1 

*■» 

Write  Hold 

0 

CSWDE 

Write  Mode  Data  Enable  Set-Up 

100 

1  1 

CHWDE 

Write  Mode  Data  Enable  Hold 

0 

R 

CSWD 

Write  Data  Set-Up 

50 

CHWD 

Write  Data  Hold 

0 

‘rl 

^  Rise  Time 

50 

60 

lr2 

<*2  Rise  Time 

50 

<t>.  6  d>^  Fall  Time 

50 

S 

f 

Clock  Rate 

0.1 

1.0 

b)  TIMING  TEST  CONDITIONS 


HGUP.E  E6.  wKITE  CYCLE  TIMING  DIAGRAM  AND  TEST  CONDITIONS 


SYMBOL 

PARAMETER 

CCD450 

UNITS 

MIN 

MAX 

StlRMW 

4>  Clock  HIGH  Time  in  the 

350 

500 

nS 

1  Read/Modify /Write  Hide 

'*2 

4  Clock  HIGH 

100 

500 

h'u 

Underlap  1 

20 

200 

‘UL  *»u 

Underlap  2 

20 

9480 

Reed  Enable  High  Time  in 

50 

Read/Modify/Write  Mode 

lRA 

Read  Acceaa 

180 

tRP 

Read  Peraiatence  Time 

0 

*sn 

Write  Set-up 

100 

tHW 

Write  Hold 

0 

‘sWDE 

Write  Mode  Data  Enable  Set-up 

50 

tHWDE 

Write  Mode  Data  Enable  Hold 

0 

£SWD 

Write  Data  Set-Up 

50 

lHWD 

Write  Data  Hold 

0 

lrl 

4  ^  Rise  Time 

50 

60 

rr2 

4^  Rise  Time 

» 

lt 

♦  2  &  *2  Fall  Time 

50 

n 

S 

{ 

Clock  Rate 

0.1 

1.0 

MHz 

b)  TIMING  TEST  CONDITIONS 


FIGURE  E7 .  READ/MODIFY/WRITE  TIMING  DIAGRAM  AND  TEST  CONDITIONS 


tRA«120  NS  AT  Vcc  =  12.0  VOLTS, 

VBB  =  -3.0  VOLTS,  Vcc  =  5.0  VOLTS 

FIGURE  E8.  TIMING  WAVEFORMS  FOR  TYPICAL  READ  ACCESS  TIME  (tRA) 


E9 


TABLE  El.  SYMBOLS  AND  DEFINITIONS 


SYMBOL 

DEFINITION 

VDD 

SUPPLY  VOLTAGE 

VCC 

SUPPLY  VOLTAGE 

VBB 

SUBSTRATE  VOLTAGE 

VSS 

COMMON  NODE  VOLTAGE 

I/O 

INPUT/OUTPUT 

♦l 

CLOCK  1 

*2 

CLOCK  2 

DE 

DATA  ENABLE 

WE 

WRITE  ENABLE 

RE 

READ  ENABLE 

VOH 

HIGH  LEVEL  OUTPUT  VOLTAGE 

VOL 

LOW  LEVEL  OUTPUT  VOLTAGE 

JIH 

HIGH  LEVEL  INPUT  CURRENT 

!dd 

SUPPLY  CURRENT  FROM  VQD  SUPPLY 

!CC 

SUPPLY  CURRENT  FROM  Vcc  SUPPLY 

!bb 

SUPPLY  CURRENT  FROM  Vg g  SUPPLY 

VTH1 

INPUT  THRESHOLD  VOLTAGE 

VTHO 

INPUT  THRESHOLD  VOLTAGE 

lRA 

READ  ACCESS  TIME 

tt2 

CLOCK  2  HIGH  TIME 

*SW 

WRITE  SETUP  TIME 

tSWD 

WRITE  DATA  SETUP  TIME 
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TABLE 

ALGORITHM 

SCAN1 

SCANO 


SHIFT  REGISTER 
MALIC  (SRWALK) 


ALTMOR 


CHECKERBOARDl 

(CBOARD1) 


E2.  ALGORITHMS  AND  DESCRIPTIONS 


DESCRIPTION 


A.  Write  a  pattern  of  'Is'  through¬ 
out  memory. 

B.  Read  'Is'  from  each  memory 
location. 


A.  Write  a  pattern  of  'Os'  through¬ 
out  memory. 

B.  Read  'Os'  from  each  memory  location. 


A.  Write  a  pattern  of  'Is'  throughout 
memory. 

B.  Write  a  'O’  Into  Shift  Register  (SR) 

1. 

C.  Read,  shift  data  1024  times  and  read. 

D.  Rewrite  a  'V  Into  starting  location. 

E.  Repeat  sequence  until  each  cell  Is 
used  as  test  bit  location. 

F.  Repeat  sequence  until  all  9 
shift  registers  have  been  tested. 

G.  Repeat  steps  B  through  F  with  pattern 
of  'Os'  throughout  memory. 


A.  Write  a  pattern  sequence  as  follows 
Into  memory: 

0011. ...0011 

for  all  9  shift  registers. 

B.  Read  pattern  from  memory. 

C.  Repeat  steps  A  -  B  with  complement 
pattern. 


A.  Write  an  alternate  pattern  of  Ms' 
and  'Os'  In  ascending  bit  locations 
of  each  shift  register.  Start  with 
'1 ’  In  address  0. 


Ell 


TABLE  E2.  ALGORITHMS  AND  DESCRIPTIONS  (CONT.) 


CHECKERBOARD! 

B. 

Read  pattern  from  memory. 

(CBOARD1)  continued 

C. 

Repeat  steps  A  -  B  by  starting 
with  'O'  in  address  0. 

CHECKERB0ARD2 

A. 

Write  an  alternate  pattern  of  'Is' 

(CBOARD2) 

and  'Os'  in  SRI  starting  with  'O' 
in  address  0. 

B. 

Write  an  alternate  pattern  of  'Is' 
and  'Os'  In  SR2  starting  with  '1' 
in  address  1 . 

C. 

SR3,  5,  7,  9  has  Identical  data  as 
SRI. 

D. 

SR4 ,  6,  8  has  Identical  data  as  SR2. 

E. 

Read  pattern  from  memory. 

F. 

Repeat  steps  A  -  E  with  data  comple¬ 
mented. 
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APPENDIX  F 

MEMORY  TYPES  HISTOGRAMS  AND  SHMOOS 
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1.0  INTRODUCTION 


This  section  contains  the  part  types  histograms  and  shmoos  at  the  various 
test  temperatures.  The  histogram  is  a  graphical  presentation  of  the  frequency 
distribution  of  100%  of  a  parameter  test  data.  The  shmoo  is  a  plot  of  the  device 
pass  and  fail  data  as  a  function  of  two  parameters,  e.g.,  supply  voltage  and 
access  time.  A  typical  example  of  a  histogram  and  shmoo  is  illustrated  below. 


SAMPLE  HISTOGRAM 


A/I:  AMT  TTAt  0  NOW  UAMXJT 

TtST  Cat:  I  0II1T  COOt  CIU  TtW:  «*C  TUTIO  AT  T  *C 

*M  •  8. 100  NMC  um  •  O.IM  WOC  ■  MATS 


TIST  MMIfni  •  WITS 


SAMPLE  SHMOO 


AOORfSS  ACCCSS  TIM  (TAA)  VttSuS  SUAAlY  VOlTAfif  (WO) 
A/N:  AMT  TTAC  S/I:  SCIIAL  KIWI 

fATTIM:  MACHNt  I/O 


TIM: 


T  *C 


i 

i 


‘7 


HAMUf ACTUAII'S  SAICIWO  T„ 


«0«f  COIL  Ml 


coll  nn 


ft  e 
H  ’»«  m 


n  c 


ISO  00  200  0 


t»*f  COLL  77* 
•mrm  -  702  **>  mo 


O  MCO*  OIOBOUT 
COLL  TOM'  71  c 
HIM  •  H  VI  M 


it»i»o  of  in  c 


FIGURE  F7.  AM9140  HISTOGRAMS  OF  CHIP  ENABLE  ACCESS  TIME  -  ROWPAT  PATTERN 
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FIGURE  F9.  MUS5501  HISTOGRAMS  OF  SUPPLY  CURRENT  WITH  VDD  =  10.5  VOLTS 
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F12  eont  >  tv  dob 


Mttio  »i  n  c 


0  00  10  M  MM  MM  MM  MM  *0  no  MOO  MOO  *0  00  100  00 

IML  •  UMC 


FIGURE  F10.  MWS5501  HISTOGRAMS  OF  SUPPLY  CURRENT  WITH  \IQQ  =  5.25  VOLTS 
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FIGURE  F15.  CDP1821  HISTOGRAMS  OF  SUPPLY  CURRENT  WITH  \lw  =  10. 


VOLTS 
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FIGURE  F21 .  93481  HISTOGRAMS  OF  COLUMN  ADDRESS  ACCESS  TIME  -  ROVJPAT  PATTERN 
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FIGURE  F23 
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MISSION 
Of 

Rome  Air  Development  Center 

RAVC  plant,  and  executed  research,  development,  test  and 
selected  acquisition  programs  In  support  of  Command,  Control 
Communications  and  Intelligence  ich)  activities,.  Technical 
and  engineering  support  utitfUn  areas  of  technical  competence 
is  provided  to  ESV  Program  Offices  ( POs )  and  other  ESV 
elements.  The  principal  technical  mission  areas  are 
communications ,  electromagnetic  guidance  and  control  sur- 
veillance  of  ground  and  aerospace  objects,  intelligence  data 
collection  and  handling,  information  system  technoloqu, 
ionospheric,  propagation,  solid  state  sciences,  microwave 
physics  and  electronic  reliability,  maintainability  and 
compatibility . 


